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pertussis capable agglutinating erythrocytes various species 
(Keogh, North and Warburton, 1947 Keogh and North, 1948); this pheno- 
menon resembles haemagglutination viruses the influenza group 
appearance, but irreversible, i.e. elution takes place. fully 
coated with pertussis haemagglutinin fail absorb other haemagglutinating 
agents, and vice versa. 

became matter interest investigate the nature haemagglutination 
pertussis supernates. number recent publications deal with the nature 
the receptor substance the erythrocytes for viruses the influenza group 
(Green and Woolley, 1947; Friedewald, Miller and Whatley, 1947; Stone, 
1947 Burgh, Pen-Chung, Howe and Bovarnick, and Burnet, 1948). 
The technique Burgh al. (1948) was followed the preliminary experi- 
ments. 


MATERIALS AND METHODS 


Stroma.—Red cell stroma was prepared according the method Calvin, 
Evans, Behrendt and Calvin (1946). Mixed, usually unwashed, human erythro- 
cytes were lysed with volumes cold water and acidified The 
stroma was collected centrifuging and washed times the same pH. 

Virus.—Suspensions the Melbourne strain Influenza were used. 
Titrations were carried out calcium saline, using doubling dilutions 10-drop 
volumes, and adding one drop per cent fowl erythrocytes saline. 
End points were determined the sedimentation pattern. 

Pertussis reconstituted lyophilized, supernates 
cultures grown casein hydrolyzate broth (modified from Cohen and Wheeler, 
1946) containing starch albumen were used. The supernates were titrated 
described Keogh and North (1948), using cells. 

Inhibitor volumes dilutions inhibitory extracts 
the appropriate diluent were mixed with drops haemagglutinating agent, 
containing minimal haemagglutinating doses. After few minutes 
one drop per cent fowl erythrocytes saline was added, the tubes shaken 
and read after settling. The haemagglutinating agents were titrated simul- 
taneously, the same diluent used the inhibitor titration. The 
activity the inhibitor the reciprocal the inhibitor dilution the last 
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tube showing complete inhibition, multiplied the number minimal haem- 
agglutinating doses added. 


The behaviour and fractionation stroma. 

Stroma, prepared described, and resuspended saline, inhibited haem- 
agglutination both influenza virus and pertussis haemagglutinin 
had effect red cell suspensions. The active material stayed the super- 
natants fluids centrifuged 4000 r.p.m. for minutes, but about three- 
quarters the activity settled out centrifuging 18,000 r.p.m. for 
minutes. 

The effects freezing for prolonged periods, and freezing and heating 
different values, the pertussis haemagglutinin inhibitor and influenza 
virus inhibitor the stroma are shown Table 


Activity 
Treatment. Fertussis haemagglutinin Influenza virus 
inhibitor. inhibitor. 
Freezing 72°for Increased 15-20x Destroyed 
hours 


Portions samples stroma were treated shown, and inhibitor titrations carried out the 
treated and untreated specimens. 


The haemagglutinin inhibitor evidently much more stable than the virus 
inhibitor. The dissociating action highly polar solvents (Morgan and 
Partridge, 1940, 1941) was used fractionate the stroma. Portions 
lyophilized stroma (inactive against virus) were shaken formamide 
per cent phenol. Partial solution took place. The mixtures were ex- 
tracted with ether, the fractions separated, the solvents removed evapora- 
tion dialysis, and the fractions rendered isotonic. every case the 
activity was found the ether extracts. The activity one suspension tested 
did not decrease following immersion the boiling water bath for ten minutes. 

Wet stroma prepared from 600 ml. cells was heated 70° for 
minutes and then extracted with three lots ether, described 
Burgh al. combined ether extracts were evaporated 150 ml. 
This extract (to referred subsequently the stock ether solution) contained 
the activity, all which fractionation with acetone passed into the acetone 
soluble fraction (see next section). 

was now apparent that the haemagglutinin inhibitor was acetone 
soluble, heat stable lipoid. Some lyophilized stroma was refluxed with three 
successive lots acetone, the extracts separated and the solvent distilled off. 
The successive extractions yielded decreasing amounts solids. The solids 
were dissolved petroleum ether, the insoluble material discarded and the 
solvent evaporated. The material had the same appearance that prepared 
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from the stock ether solution, and its content haemagglutinin inhibitor was 
the same order. 
The scheme the fractionation given Table IT. 


Haemagglutinin Inhibitor. 
ACTIVE. Process. 


Red cell 


Stroma Haemoglobin, 
water, etc. 


Heating freezing 
and ether extraction 


Ether extract 


Acetone extraction 


Acetone extract esidue 


with acetone 


The stock ether solution and the acetone soluble material. 

General properties and fractionation.—600 ml. packed cells yielded 150 ml. 
stock ether solution, containing about mg. total solids per ml. The 
solution was yellowish and developed light brown powdery precipitate 
standing all the activity was the supernate. About half the total solids, 
mg. per ml., was soluble acetone. The acetone soluble solids 
were yellowish and consisted mainly crystalline matter arranged sheaves 
they were soluble alcohol, ether, petroleum ether and chloroform, but 
insoluble water. The solids the stock ether solution seemed less pure 
than, but otherwise resembled the acetone soluble solids. 
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Since the wet neutral stroma used the preparation the stock ether 
solution contained virus inhibitor, the latter should have been present the 
appropriate fraction the extract (de Burgh Five ml. the stock 
ether solution was evaporated dryness and the residue thoroughly extracted 
first with acetone, then with ethyl alcohol. The solvents were evaporated 
and the residues, dissolved little ether, transferred lots saline 
contained in. in. test-tubes. bubbling air through the mixture 
the water pump for few minutes, removal the solvent and even suspension 
the lipoids was effected. (This method suspension was used all sub- 
sequent work.) The suspensions were diluted saline and tested against red 
cells (control), and against four minimal haemagglutinating doses pertussis 
haemagglutinin and influenza virus respectively. The protocol given 
Table 

Stock Ether Solution. 

Tested Dilutions. 


Fraction. 


extract 


Residue 


Complete agglutination. Partial agglutination. tr. Trace agglutination. 
agglutination. RBC per cent fowl erythrocyte suspension. minimal 
haemagglutinating doses pertussis haemagglutinin. minimal haemagglutinating 
doses virus. 

ml. stock ether solution, containing about mg. solids, was extracted with acetone, then with 
alcohol. Each fraction was suspended ml. saline. drop volumes saline dilutions the 
were titrated shown. 


The unfractionated stock ether solution itself agglutinated red cells some 
fowls high dilution, and this power passed almost entirely into the acetone- 
soluble fraction. The alcohol soluble fraction showed activity, and the 
residue contained trace virus inhibitor. These results are accordance 
with the findings Burgh al. (1948), although the activity our material 
against the virus was very slight. The haemagglutinin inhibitor passed into 
the acetone soluble fraction, already stated. 

Red cell agglutination and its the haemagglutinin inhibitor 
and the red cell agglutinating principle were present the same fraction, 
satisfactory titration the former was possible, nor was certain that the presence 
amount virus inhibitor the same fraction was not masked. 
was found that addition 0°5 per cent horse albumen the diluting saline 
eliminated the red cell agglutinating power, without affecting the action the 
haemagglutinin inhibitor. pertussis haemagglutinin diluted albumen 
saline may with some cell suspensions show slightly lower titre than corre- 
sponding dilutions saline, the former diluent was used the control haem- 
agglutinin titrations. 
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Human, sheep and rabbit erythrocytes were not agglutinated suspensions 
red cell extracts which agglutinated cells. 

Erythrocytes from different fowls varied greatly agglutinability inhibitor 
suspensions. The agglutinability ran parallel with agglutinability vaccinia 
virus. This finding accordance with the results Burnet and Stone (1946). 
The cells agglutinable inhibitor and vaccinia virus became autoagglutinable 
saline after treatment with cholerae receptor destroying enzyme, crude 
purified (see below) (Stone, 1947). 

the above technique, the activity haemagglutinin inhibitor 
the solids the stock ether solution was million, and the acetone 
soluble solids million. This represents approximately 100-fold 
increase over the inhibitory power corresponding amount red cells. 
20,000 suspension the solids the stock ether solution failed inhibit 
minimal haemagglutinating doses the virus. 

Mode action the haemagglutinin systems consisting 
albumen saline, pertussis haemagglutinin, acetone soluble material containing 
excess haemagglutinin inhibitor and red cells, the latter settled without 
trace agglutination. When cells from such systems were carefully washed 
resuspended little pertussis haemagglutinin, typical agglutination took place. 

saline, from stock ether solution acetone soluble material, agglutinated 
haemagglutinating suspensions pertussis. Control suspensions saline. 
remained unagglutinated, did also mixtures ether-acetone soluble material 
and suspensions variants pertussis not containing haemagglutinin. The 
agglutinated bacteria lined the round bottom the Wassermann tube fine 
even layer, resembling agglutinated red cells, against the more floccular type 
agglutination caused antisera. 

The nature the acetone extract.—Acetone said dissolve neutral fats, 
fatty acids, free and esterified cholesterol, and other steroids from mixture 
lipoids. Removal cholesterol digitonine precipitation did not affect the 
activity the preparation cholesterol itself showed inhibitory action beyond 
dilution 20,000. Thus the haemagglutinin inhibitor probably not 
cholesterol. Saponification boiling with alcoholic potash destroyed 
80-85 per cent the activity. Attempts separating the water-diluted 
saponified mixture into its components yielded unsatisfactory results as, 
various trials, extraction the watery phase with fat solvents left some the 
unsaponifiable matter behind, carried some the soaps with and they 
stayed the solvent spite washing with water. These difficulties may 
accounted for the small amounts solids used the tests, the appreciable 
solubility soaps fat solvents (Prasad, Hattiangdi and Wagle, 1947), and the 
solubility some steroids aqueous alkali (Schiller and Pincus, 1943). 


Attempts inhibition pertussis haemagglutination other agents. 


RDE, enzyme cholerae (receptor destroying enzyme—RDE) (Stone, 
1947), renders red cells inagglutinable the influenza virus. Fowl erythrocytes 
were incubated C°. for hour with volumes per cent RDE 
buffered (pH saline, carefully washed and resuspended saline per 
cent. Cells from some fowls (one drop ten drops) were auto-agglutinable 
saline, but not 0°5 per cent albumen saline. The latter agent was used 
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diluent. dilution influenza virus, containing minimal haemagglutinating 
doses against untreated cells, failed agglutinate the treated cells. the 
other hand, the treated cells slightly higher titre 
pertussis haemagglutinin than the untreated ones. 

Ovarian cyst polysaccharide inhibits haemagglutination influenza virus 
(Burnet, 1948). Ten drops 4000 dilution the polysaccharide saline 
inhibited eight minimal haemagglutinating doses the virus. Ten drops 
1000 dilution failed inhibit the action four minimal haemagglutinating 
doses pertussis haemagglutinin. 

Potassium treated with this substance are said 
adsorb influenza virus irreversibly (Anderson, 1947). Fowl erythrocytes were 
kept the bench for minutes 5000 potassium periodate saline, 
then thoroughly washed and resuspended saline per cent. Undiluted 
influenza virus, containing 3000 minimal haemagglutinating doses against 
untreated cells, failed agglutinate the treated cells. sample pertussis 
haemagglutinin agglutinated the treated cells dilution 16, and the 

The effects the four different methods inhibition the two haemagglu- 
tinating systems are summarized Table IV. 


and Influenza Virus. 


Haemagglutination 


haemagglutinin. virus. 


Acetone-soluble 
stroma lipoids Haemagglutinating 


Ovarian cyst agent 
polysaccharide Abolished 

enzyme (RDE) Erythrocyte 

Potassium periodate 


DISCUSSION. 

clear from the experimental data that the haemagglutinin inhibitor 
different from the virus inhibitor, and its properties suggest that lipoid 
other than phospholipid. Chemical identification has not yet been carried 
further, although there evidence that the haemagglutinin inhibitor not 
cholesterol. 

interest that the yield haemagglutinin inhibitor exceeds what might 
expected from the haemagglutinin absorbing capacity the red cells; the 
increase activity over the theoretical was sample frozen 
stroma (Table I), and 100-fold the other extract heated stroma. This may 
explained any all the following first, that there 
may not room for the presumably large haemagglutinin molecule occupy 
all the available sites the intact red cell (steric hindrance) second, that some 
the inhibitor loosely bound other substances the intact cell and unavail- 
able for combination with haemagglutinin and third, that some the inhibitor 
inside the cell, not its surface, and thus not available. 
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While appears certain that the haemagglutinin inhibitor acts the haem- 
agglutinin and not the red cell, there proof that the actual receptor, 
although the high activity the still impure material and its ability agglutinate 
selectively suspensions pertussis capable agglutinating erythrocytes 
suggest that this the case. 

The haemagglutinin inhibitor and the red cell agglutinating principle are 


probably different substances. The latter selectively neutralized 


deteriorates more rapidly than the inhibitor, and different batches acetone 
soluble material the ratios the titres the two substances vary considerably. 


SUMMARY. 


The ether and acetone soluble fraction human red cell stroma lipoids 
contains substance which high dilution inhibits the haemagglutinating action 
pertussis supernates. This substance presumably the constituent the 
red cell which adsorbs the haemagglutinin. 

Suspensions the same fraction agglutinate bacterial suspensions 
pertussis containing haemagglutinin, but not agglutinate suspensions 
variants pertussis containing haemagglutinin. 

The active extracts contain substance capable agglutinating erythro- 
cytes some fowls. The presence small amounts albumen the suspending 
fluid neutralizes this haemagglutinating action, but does not interfere with the 
action the inhibitor. 


The active extracts not inhibit haemagglutination the influenza 


virus. Ovarian cyst polysaccharide inhibits haemagglutination the influenza 
virus, but not pertussis haemagglutinin. Erythrocytes treated with 
cholerae receptor destroying enzyme with weak potassium periodate are 
agglutinable pertussis haemagglutinin, but not the virus. 


indebted Professor Burnet and members his staff for the 
cholera enzyme, the cyst polysaccharide, and the vaccinia virus, and Dr. 
O’Connor, these Laboratories, for the influenza virus suspensions. 
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1945, the author’s work under the above general heading has been 
concentrated Basidiomycetes, and four papers have been published (Wilkins, 
1946, 1947a, 1947b, 1947c). The present paper, containing the fifth 100 Basidio- 
mycetes, completes the first which 500 Basidiomycetes obtained 
from various sources, viz. the Forest Products Research Laboratory (Princes 
Risborough), the Centraalbureau voor Schimmelcultures, Baarn, Holland, and 
Professor Robbins, New York Botanical Garden, were tested for antibacterial 
activity against Bacterium coli and Staphylococcus aureus, exactly described 
the papers listed above. The will deal with fungi which 
have been isolated personally, and which will tested revised method. 

Though this paper said contain 100 species, it, fact, contains 112 
species, because from the four previous papers species must cancelled 
and, order make the total 500, they have been replaced this paper 
other species. These cancellations Wilkins (1946)—in the 
list, Daldinia concentrica, Hypoxylon coccineum and Xylaria 
Wilkins (1947a)—in Ustulina zonata, 
Ustulina vulgaris. These five are removed because they are 
Ascomycetes which were included error (b) Wilkins (1947a)—in negative,” 
Polyporus velutinus, 229; Wilkins (1947b)—in weakly Clitocybe 
“weakly positive,” Coniophora cerebella, Collybia fusipes. 
These five are removed because they are repeats the same species done 
earlier papers. This repetition due receiving cultures from different sources 
which eventually proved have originated from the same source. The lists 
Wilkins and each contain only fungi. 

the present list the fungi with distinguishing number are from Baarn, 
while those with number are from the Forest Products Research Laboratory. 
All fungi were tested the strip (Wilkins and Harris, 1944b) and the hole 
Wilkins and Harris, 1943b) methods, and the results are arranged and expressed 
the previous papers. 
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RESULTS. 
Strongly Positive. 


Result test liquid medium. 


Zone dia. (mm.). 


Medium.* Bact. Staph. 

coli, 

Dacryomyces deliquescens (Bull.) 


Odontia bicolor (A. 8.) Bres. 165 


Weakly Positive. 


Coprinus nyctheremerus Corticium radiosum salmonicolor Berk. 
Br.; Flammula penetrans Fr.; sapinea Fr.; Fomes fulvus (Sc.) Gill. 
pini (Thore) Lloyd var. abietis Karst.; subroseus (Weir) Overholts 
Ganoderma mirabile (Lloyd) Humph.; rivulosum Pat.; 
purpureum (Tul.) Pat.; Hydnum caput-ursi Fr.; erinaceus Bull.; 
septentrionale Fr.; Hypholoma capnoides Fr.; fasciculare (Huds.) Fr.; 
Lentinus cyathiformis (Schaeff.) Bres. 153; Marasmius 
chordalis Fr.; panuoides Fr. Polyporus albo-sordescens Rom. 
Trametes incana Lév. 299. 


Negative. 


Corticium koleroga (Cke.) Héhn investiens (Schw.) Bres. 
Kotila; Curzi; Cortinarius percomis Fr.; Crepidotus 
planatus (Pers.) Fr.; Daedalea ambigua Berk.; biennis Quél. 
flavida gibbosa Pers.; unicolor Fr. Fistulina hepatica 
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Fr.; Flammula carbonaria (Fr.) Melin; Fomes (Murr.) 
extensus Lév.; fastuosus (Lév.) Cke. 132; ferruginosus (Schrad.) Massee 
fomentarius (L.) fraxinophilus (Peck) Sacc.; igniarius (L.) Gill. 
Meliae (Under.) Murr.; pachyphloeus Pat.; pomaceus (Pers.) Big. 
reniformis Murr.; rimosus Berk.; robiniae (Murr.) Sacc. 
robustus Karst. var. pinuum robustus Karst. var. tsugina 
(Murr.) spadiceus Berk.; tenuis Karst.; torulosus (Pers.) 
Galera tenera (Schaeff.) Berk. Br.; tibicystis Atk.; Ganoderma 
Geaster quadrifidus (Pers. p-p.) Th. Fr. j:r.; Hydnum auriscalpium 
imbricatum (L.) Fr.; ochraceum Pers. pulcherrimum Berk. Curt. 
Hymenochaete agglutinans corrugata (Fr.) Lév.; tabacina (Sow.) 
Hypholoma appendiculatum Bull.; Candolleanum Fr.; dispersum 
solani Prill. solani Prill. Delacr. var. brassicae 
solani Prill. Delacr. var. lactucae Schulz.; Marasmius coniatus Berk. 
Br. var. Ade.; fulvobulbillosus Rob.) Fr.; longipes 
atrotomentosus (Batsch.) Fr. 211; Peniophora quercina (Pers 
Cke. Pholiota heteroclita Fr. Plewrotus corticatus Fr. Sterewm 
bicolor (Pers.) Fr. 294; protracta Fr. 120; (L.) Fr. 
Since the publication the last paper (Wilkins, 1947c), very interesting 
survey 500 Besidiomycetes for antibacterial activity has been published 


Hervey (1947). Comparison between these results and mine deferred until 
collective review 500 species has been completed. 


Mr. Salt, M.A., and Technical Research Assistant, Miss Rose, 
for invaluable help. much indebted the Medical Research Council for 
the grant which enabled employ these Assistants. 
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sheep with louping-ill now controlled the field im- 
munization with vaccine, prepared from the tissues infected sheep and 
inactivated with formalin. The vaccine has been shown the Animal Diseases 
Research Association preduce adequate protection against both the natural 
disease and experimental challenge with live virus (Gordon, Brownlee and 
Wilson, 1939). has, however, the disadvantage that necessitates the 
sacrifice considerable number sheep obtain sufficient material protect 
all the sheep risk infected areas. There are also number technical 
difficulties associated with its production large scale. The successful 
cultivation louping-ill virus the embryonated hen’s egg (Edward, 1947a) 


suggested that alternative source virus for vaccine might thereby 
provided. 


immunization mice and sheep. 


Louping-ill virus was cultivated the embryonated egg the methods 
described elsewhere (Edward, 1947a). After days’ preincubation, embryos 
were inoculated either into the yolk sac directly into the embryo itself 
surviving embryos were harvested three days later and per cent suspension 
made saline other diluent. Mice, inoculated subcutaneously with two 
doses vaccines prepared from saline suspensions embryos with 
titre about and inactivated with amounts formalin between 0-2 
per cent and per cent, were not protected against subsequent intraperitoneal 
challenge with the live virus. Under similar experimental conditions vaccines 
made from mouse brains afforded complete protection (Edward, 

Preliminary experiments, which sheep were given single subcutaneous 
inoculation embryo vaccine and later challenged the subcutaneous injection 
live virus, did not provide definite results owing the difficulty deciding 
whether even the non-vaccinated control animals had become infected. Subse- 
quently more satisfactory method challenge was used, which subcutaneous 
inoculation virus was followed after three days the intracerebral injection 
starch. Encephalitis and death resulted almost all non-immune sheep 
(Edward, 1947b). The results number tests embryo vaccines sheep, 
using this method challenge, are summarized Table When tested within 
weeks preparation the vaccines protected all, nearly all, the sheep inocu- 
lated. This result was good that obtained with sheep tissue vaccines, 
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With this method challenge vaccinated sheep have been found 


succumb, probably due failure individual sheep respond adequately 
single dose vaccine. Owing this factor individual variation and the 
small number sheep used the experiments, doubtful what value can 
attached comparisons the results testing different vaccines. The 
results do, however, suggest that possibly the vaccine inactivated with 0-2 per 
cent formalin was more effective than that inactivated with 0-1 per cent, and 
that buffered saline was better diluent than normal saline. There did not 
appear any advantage neutralizing the excess formaldehyde with 
sodium metabisulphite after inactivation virus was complete. greater 
importance was the fact that vaccine, which gave complete protection when 
tested after weeks, was incapable protecting sheep when re-tested weeks 
later. This instability formalinized embryo vaccines makes them unsuitable 
for field use. vaccine prepared from infected amniotic fluid was ineffective. 


Attempts purification. 


Although protection sheep was subsequently obtained with embryo vaccines, 
the earlier failures immunize mice and sheep suggested that foreign tissue 
might interfering with the effect the virus antigen. The diffi- 


culties immunizing with inactivated virus heterologous tissue suspensions 


well recognized, such suspensions usually only provide effective antigens 
when they contain high concentrations virus. was thought that the effective- 
ness embryo vaccine against louping-ill might increased partial 
purification, thus increasing further the proportion virus antigen over that 
foreign protein. The unsuccessful trial number methods, previously 
described for the purification other viruses, will described briefly. Methods, 
such differential centrifugation, which did not appear practicable for the 
large scale production veterinary product, were not tried. 

most the methods depended adsorption and elution different 
hydrogen ion concentrations was first necessary determine the stability 
louping-ill virus over wide range pH. The virus was relatively unstable 
physiological saline, showing least ten-fold fall titre after standing 
broth fall titre occurred under these conditions. When virus suspension 
normal saline was mixed with equal parts M/15 phosphate buffer, the virus 
the mixture proved stable was this was true between 
5-0 and 9-0. Cysteine hydrochloride (0-1 per cent), shown Labzoffsky 
(1946) increase the stability equine encephalomyelitis virus, did not effect 
the stability louping-ill virus. 

Salk (1941, 1945) obtained purified preparations influenza virus and 
improved vaccine adsorption calcium phosphate. Most the louping-ill 
Virus per cent suspension infected chick embryos could adsorbed 
calcium phosphate precipitated the suspension, but also was consider- 
able amount the tissue protein. The precipitate calcium phosphate was 
separated centrifugation and re-dissolved sodium citrate and little 
The supernatant, obtained centrifuging this mixture, was low infectivity 
most the virus, together with much tissue protein was the deposit and 
attempts resuspend were unsuccessful. Formalinized virus vaccines 
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was also adsorbed calcium phosphate, the latter with its adsorbed virus antigen 
being tested for its ability protect mice. calcium phosphate-adgorbed 
vaccine prepared from chick embryo vaccine failed protect mice, whereas 
one made from mouse brain vaccine was effective. 

Another method, depending adsorption aluminium phosphate gel, 
used for the purification and concentration influenza virus (Himmelweit, 
1947; personal communication) proved unsatisfactory for louping-ill virus 
tissue protein was adsorbed equally with virus. Adsorption aluminia gel, 
described for the purification poliomyelitis virus (Sabin, 1932, Schaeffer 
and Brebner, 1933), was also unsuccessful and difficult carry out because 
the instability the gel. Adsorption kaolin, used Yaoi and Kasai (1929) 
for purifying vaccinia virus, was investigated between and 
Adsorption both virus and tissue protein was greater the lower the pH. 
7-0 considerable amount tissue protein was removed adsorption with 
but little virus, but the degree purification was not sufficiently great 
value. 4-5 nearly all the virus, together with tissue protein, was adsorbed, 
but could not eluted changing the reaction the alkaline side. 

These, and other adsorbents tried, failed separate louping-ill virus from 
chick tissue protein. Precipitation protein the isoelectric point first 
appeared more promising (Behrens and Nielsen, two experiments, 
when suspension infected embryos was mixed with phosphate buffer 
per cent the tissue protein was precipitated and was removable 
centrifugation, leaving the concentration virus unaltered the supernatant 
fluid. Precipitation 4-6 removed more protein, but also most the virus. 
two other experiments, however, carried out 4-8 considerable amount 
virus was lost the precipitate. Attempts made ascertain why this method 
effected satisfactory purification one experiment, but caused loss virus 
another, were not successful and led the method being abandoned. Loss 
virus probably depended the conditions under which protein was pre- 
cipitated. For instance, was shown that when virus suspension was added 
slowly buffer 4-8, the loss virus from the supernatant was considerable, 
but was much less when buffer was added slowly virus suspension. 

One method for purifying influenza virus has depended its specific adsorp- 
tion chick erythrocytes. Numerous attempts demonstrate haemagglutina- 
tion louping-ill virus, using wide range animal and fowl erythrocytes, 
Virus was mixed with sheep erythrocytes and after allowing stand, 
the latter were removed centrifugation; there was evidence that virus 
had been removed adsorption the cells. Likewise virus was not removed 
from infected amniotic fluid adsorption suspension normal mouse 
brain mixed with it. 


DISCUSSION. 


The successful culture louping-ill virus the embryonated egg raised 
hopes that thereby alternative source virus might available for the 
preparation vaccine. The fact that these hopes have not been fulfilled 
briefly recorded here. Sheep were satisfactorily protected with vaccines pre- 
pared from infected chick embryos and inactivated with formalin, when these 
were used within weeks their preparation. similar protection mice 
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was not demonstrated, but the particular vaccines tested may have been inactive 
unfortunately actual vaccine which protected sheep was not tested mice. 
subsequent paper the failure also embryo vaccine elicit antibodies 
the human being recorded (Edward, 1948). 

their apparent instability which make the embryo vaccines unsuitable 
for immunizing sheep the field. vaccine, which had protected sheep after 
storage for weeks, afforded little protection when re-tested after weeks. 
Sheep tissue vaccines have remained effective under similar conditions for 
least months. Vaccines against louping-ill prepared from tissue cultures 
virus (Wilson, 1945) were also found unstable Wilson personal 
communication). The reason for the instability not clear. may that 
for some reason the virus antigen these types suspension more liable 
degradation. There was evidence that deterioration occurred because the 
action excess unneutralized formaldehyde. Possibly the amount virus 
antigen originally present only slightly excess the minimum necessary 
produce immunity, that small decrease makes the vaccine useless. The 
difficulty immunizing with inactivated virus heterologous tissue suspensions 
well recognized (Traub, Koprowski and Cox, 1946; Maurer, Walker, 
Shope, Griffiths and Jenkins, 1946) such suspensions higher concentration 
virus antigen appears necessary than homologous tissue suspensions. 
Attempts increase the effectiveness the louping-ill embryo vaccine 
reducing the amount tissue protien without removing virus failed. third 
possible explanation the instability might advanced. Andrewes and Elford 
(1947), from their experiments the interference phenomenon with dead virus, 
suggest that live virus may present masked supposedly inactivated 
vaccine and that the presence the masked virus initially may explain why 
such vaccine may first protect, later becoming ineffectual when all living 
virus has disappeared. However, there evidence against this explanation 
for the instability louping-ill embryo vaccines. vaccine, which 0-2 per 
cent formalin had been added and which was, therefore, less likely contain 
live virus than vaccine inactivated with 0-1 per cent formalin, proved more 
effective antigen than the latter. was also shown that louping-ill virus, 
killed formalin, did not mask live virus when mixtures the dead and living 
virus were inoculated intracerebrally mice. 


SUMMARY. 


Formalinized vaccines, prepared from infected chick embryos and tested 
within weeks their preparation, protected sheep against challenge with 
louping-ill virus. They were unstable and lost their ability immunize after 
weeks’ storage. 

Unsuccessful attempts were made remove significant proportion the 
tissue protein from the embryo suspensions methods employing selective 
adsorption and elution, precipitation protein the isoelectric point. 

The stability louping-ill virus phosphate buffer various hydrogen ion 
concentrations was studied. Stability was not increased 1:1000 cysteine 
hydrochloride. 


wish thank Mr. Fitzgerald for his valuable assistance. 
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LOUPING-ILL infection man was first recognized Rivers and Schwentker 
(1934), whose laboratory several cases occurred among persons engaged 
studying the virus. Subsequent experience this country has confirmed the 
danger laboratory infection. Since this laboratory began investigation 
the virus and the large-scale production vaccine, infections among the 
staff have been numerous that was considered desirable explore the 
possibility immunizing exposed persons. Although vaccine prepared from 
infected chick embryos proved ineffective, mouse brain vaccine stimulated 
small group volunteers the production antibodies level suggesting 
that they had been adequately protected against infection. 


Human laboratory infections with louping-ill. 


the last two years five infections with louping-ill, occurring this labo- 
ratory, have been diagnosed the acute stage. From each patient virus was 
recovered the intraperitoneal injection citrated samples blood into mice. 
Brains mice which became ill were passed intracerebrally into other mice, 
and typical signs louping-ill were produced. The identity the strains 
virus from two patients was confirmed serologically their specific neutralization 
with louping-ill antiserum. one these patients and two others specific 
antibodies (neutralizing antibodies two patients and complement-fixing 
the third) appeared during the course the illness. the remaining two 
patients complement-fixing antibodies were demonstrated later date. 
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means the complement-fixation test other laboratory infections, which 
had occurred over period years, were recognized. Sera from persons, 
previously engaged louping-ill vaccine production, who were still available 
for investigation, were examined, and complement-fixing antibodies were 
demonstrated. All except one gave previous history febrile illness con- 
sistent with louping-ill. There have thus been over years least infections 
with louping-ill (Table I). possible there may have been more, because 
several persons, previously employed the laboratory, had left and were not 
available for investigation. These results strikingly emphasize the risks 
infection attending the handling this virus. Some those infected had 
been intensively engaged the study the virus, but among the infected were 
men who had only skinned infected sheep, and others who had not themselves 
handled the virus, but were working the same laboratory. the whole the 
five persons examined who had not been infected had been less exposed the 
virus. Two had been employed skinning sheep carcases under cover out-of- 
doors, one had been engaged harvesting sheep tissues for three weeks only, 
and two were members the scientific staff who had done little more than 
inoculate animals with virus. 

all except one the infections were mild. Symptoms were those 
usually associated with fever, temperatures often reaching 103° Headache 
and backache were prominent, and the former sometimes persisted. Pain 


behind the eyes was common, and two cases symptoms referable the eyes 


led ophthalmological advice being sought. Other symptoms suggesting 
involvement the central nervous system were absent and the patients were 
usually back work about one week, although complete recovery took longer. 
The one more severe attack kept the patient away from work for 
clinical details his infection are not available. 


immunization with embryo vaccine. 


was thought that culture louping-ill virus the embryonated hen’s 
egg might, after inactivation with formalin, provide suitable vaccine for attempt- 
ing the immunization the human being such vaccines been shown capable 
protecting sheep when used within weeks after preparation (Edward, 1948). 
The virus was cultivated the egg the methods already described (Edward, 
embryos were inoculated into the yolk sac with virus and 
harvested days later. per cent suspension was made buffered saline 
from the whole embryos, and the after light centrifugation was used 
for the vaccine. The suspension employed this experiment had 
titre when titrated mice. was inactivated with 0-2 per cent 
formalin week later the excess formalin was neutralized with sodium meta- 
bisulphite and 1:10,000 merthiolate was added preservative. The vaccine 
was used weeks after its preparation for commencing the vaccination 
volunteers. 

Samples sera were examined for the development antibodies order 
determine whether vaccination had been successful. Neutralization tests 
were performed the method Rivers and Schwentker (1934), using per cent 
horse-serum broth diluent. The neutralizing activity serum was found 
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this respect from western equine encephalomyelitis virus, which heat- 
labile factor influencing its neutralization was demonstrated Whitman 
(1947). Complement-fixation tests were carried out the method Casals 
and Palacios (1941). Satisfactory antigens were obtained from infected mouse 
brains centrifugation suspension 3000 r.p.m. the angle centrifuge 
after repeated freezing and antigens similarly prepared from infected 
chick embryos failed give specific fixation complement and were anti- 
complementary. 

Three volunteers were given two subcutaneous injections ml. vaccine 
interval weeks. Samples blood were taken before inoculation 
and weeks after the second dose. Another three volunteers had three ml. 
doses, the second week after the first, and the third month after the second. 
The final sample blood was withdrawn days after the third dose. 

severe reactions resulted from the inoculations with vaccine. Only one 
volunteer had slight general reaction. This person and one other had local 
reactions moderate severity. The other volunteers had either reaction, 
only slight local tenderness and swelling. 

four volunteers antibodies could detected after vaccination. The 
serum the fifth (M. B—) had neutralization index 100 both before and after 
vaccination. Complement-fixing antibodies were absent the first sample. 
but present after vaccination dilution least B—, although not 
actually handling louping-ill virus herself, had worked the same room where 
the virus was being studied she gave history illness which might have 
been louping-ill. 

The details the sixth volunteer (D. Y—) are interest. Before inoculation 
and days after the second dose antibodies were present his Ten 
days after his third dose his serum had neutralization index and fixed 
complement dilution 1:8 least. the morning the second day 
after his third inoculation woke with dull headache, which lasted days 
and was accompanied general malaise. remained work and did not take 
his temperature. There seems little doubt that this was mild attack 
louping-ill, but not clear how his infection was acquired. unlikely 
that the vaccine contained live virus. When tested several weeks previously 
had not killed mice inoculated intracerebrally, and did not affect the other 
became infected coming for his inoculation into the laboratory where louping- 
ill virus was under investigation, although the exact manner his infection 
mystery. was gardener, and had other contact with the virus. Im- 
munization had not protected him against infection. His attack, however, was 
mild, but impossible say whether this was attributable the immunization 
specific antibodies were demonstrated both and one other person, 
although neither had had recognizable attack the disease. 


Immunization with mouse brain vaccine. 


probably necessary for virus antigen present sufficiently high 
concentration for formalinized vaccine prepared from the tissues one species 
effective for another species animal. Immunization man was therefore 
attempted with mouse brain vaccine, because higher titres virus are found 
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infected mouse brains than can obtained infection chick embryos. 
Protection sheep had previously been obtained with mouse brain vaccine 
(Edward, 1947b). Vaccines prepared from mouse brains have been extensively 
used Japan the American authorities for protection against Japanese 
encephalitis (Sabin, Ginder, Matamoto and Schlesinger, 1947). 

vaccine was prepared from per cent suspension isotonic buffered 
saline phosphate per cent NaCl 7-6) the brains mice 
harvested when signs paralysis were appearing days after the intracerebral 
injection virus. The supernatant after centrifugation for minutes 
2000 r.p.m. was inactivated with 0-2 per cent formalin, and used for vaccinating 
human volunteers after weeks’ storage Before inactivation the virus 

Three volunteers were given three ml. doses vaccine, the second days, 
and the third days after the first. Samples blood were withdrawn the 
time the first inoculation and days after the second and third doses. The 
samples were examined for the presence neutralizing and complement-fixing 
antibodies. infected mouse brains were used source virus both for 
the vaccination and for the antigen the test, sera were 
also tested for their ability fix complement the presence antigen 
prepared from normal mouse brains. 

The third samples sera from all three the volunteers were found contain 
neutralizing and complement-fixing antibodies (Table II). The sera were capable 


Findings with Volunteers Immunized with Mouse Brain 
Vaccine. 


ist sample (before immunization). 2nd sample. 


Neutrali- 
zation 


Neutrali- 
zation 


Volunteer. 


C.F.T. 
Dilutions of serum. 


Dilutions of serum. 


3rd sample. 


C.F. with normal 
mouse brain antigen. 
Dilutions of serum. 


C.F.T. 
Dilutions of serum. 


Volunteer. Neutrali- 
zation 


neutralizing between 100 and 1000 M.L.D. virus. This level antibodies 
similar that which follows infection. The third sample from only one 
the volunteers (O. N—) fixed complement the presence the normal mouse 
brain antigen, and this the titre was lower than with the antigen made from 
infected brains. Thus the antibodies demonstrated were predominantly these 
specific against virus and not merely against The volunteers had been 
carefully chosen, and none them was likely have been previously contact 
with ‘antibodies louping-ill were demonstrable their sera before 
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inoculation. the second samples taken after only two doses vaccine 
antibodies were present, but they were low level. 

One volunteer (S. L—) had reaction, local general, following any the 
inoculations vaccine, but the other two were less fortunate. One them 
(O. N—) had mild local reaction after the first dose, and moderately severe ones 
after the second and third. The third volunteer (H. N—) had moderate local 
reactions after all three inoculations. There were general reactions. Although 
this small group volunteers does not provide sufficient data assess the 
liability the mouse brain vaccine cause unpleasant reactions, reactions 
appeared somewhat worse than those following inoculation with the embryo 
vaccine, presumably due the greater amount foreign protein the former. 


DISCUSSION. 


Louping-ill, disease which has been considerable economic importance 
because the losses caused amongst sheep affected parts Britain, now 
effectively controlled vaccination. The preparation vaccines from sheep 
tissues has, however, brought risks infection the human personnel engaged. 
this laboratory there have been least human infections during period 
years. was not possible those cases determine the manner which 
virus effected entry into the body. Several those infected were intensively 
with most the laboratory techniques used the study viruses, 
including the mechanical fragmentation infected animal tissues—a procedure 
liable cause contamination the air with infective droplets. Other infected 
persons, however, had done more than kill and skin infected sheep under 
cover out-of-doors. The extreme infectivity the virus was emphasized 
the case the man who apparently became infected during short visit the 
laboratory receive inoculation. this case the incubation period was 
about hours. two others the incubation period was estimated 
the incubation period man can compared with the findings the sheep, 
where after subcutaneous injection virus the temperature usually first rises 
the third day, and virus then demonstrable the blood. 

None the cases was admitted hospital, and nothing was observed clinically 
which might useful diagnostically. The infections presented themselves 
acute febrile illnesses with headache and backache. Pain behind the eyes, 
made worse moving the eyes, was often striking symptom. Although the 
patients were usually back work after about week, complete restoration 
health took longer. Fortunately the disease was mild, except the case 
one man who was ill for month. 

spite the comparative mildness these human infections, would 
unwise complacent concerning the risks run those making louping-ill 
vaccine. Infection has been more less the rule all those handling the virus 
for any length time. Attacks the disease, even when they last only few 
days, can very unpleasant, and among the cases there was one more severe 
infection. Moreover, louping-ill neurotropic virus, and there would, therefore, 
always appear the risk infection occurring with more serious complica- 
tions. These considerations emphasize the necessity for taking vigorous steps 
laboratories studying the virus minimize the risks infection. Apart 
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from careful attention technique probably important reduce aerial 
contamination. doubtful, however, whether these precautions alone would 
succeed eliminating laboratory infection. Active immunization exposed 
personnel may provide effective method prevention. 

Three doses formalinized vaccine prepared from infected mouse brains 
stimulated the formation antibodies titre similar that found after 
attack the disease. Although observations were made only three volunteers, 
the antibody response all three was marked that likely that this method 
vaccination would provide high degree protection the human. data 
are available concerning the duration the immunity. suggested that the 
effectiveness this vaccine should tried laboratories handling the virus. 
The liability the vaccine cause local reactions disadvantage. 
possible that partial purification centrifugation might provide sufficiently 
antigenic vaccine giving fewer reactions, although Sabin (1947) found that the 
potency vaccine against Japanese encephalitis purified this way was 
reduced quarter. also possible that only two doses vaccine might 
found necessary there was interval two three weeks between them. 


SUMMARY. 


Attention drawn the frequency laboratory infections with 
and the risks which attend the large-scale production vaccine. one labo- 
ratory over period, human infections were diagnosed the acute 
stage, and other infections were recognized retrospectively the complement- 
fixation test. 

There was antibody response human volunteers vaccinated with 
formalinized vaccine made from infected chick embryos. 

Antibodies developed high titre three volunteers given three doses 
formalinized mouse brain vaccine. suggested that vaccination could 
used protect susceptible personnel. 


wish express gratitude those members the staff who volunteered 
for the tests the vaccine. also indebted Mr. Fitzgerald for his 
valuable technical assistance. 
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previous paper was shown that active immunity. against anthrax 
could produced rabbits the injection cell-free serum culture filtrates 
anthracis (Gladstone, 1946). Using filtrates 18-hour cultures undiluted 
sheep serum, and giving three doses weekly intervals subcutaneously and 
testing the rabbits with 100 A.L.D. virulent spores, there was almost 100 per 
cent survival with 1-0 ml., but progressive fall survival rate with lower doses. 
About per cent survived after doses 0-1 ml., but only occasional rabbit 
survived ml. 

hours the growth was not optimal. Further incubation, however, 
always resulted loss the antigen the culture fluid, and most cases 
antigen could detected after hours’ growth. Evidence was put forward 
that this was due the proteolytic enzyme. was found that this enzyme 
was produced particularly towards the end growth when the bacilli were 
autolysing and forming spores. order increase the production the 
antigen, the problem was therefore produce conditions for the maximum 
growth the organism with the minimum production proteolytic enzyme. 

While this problem was under. consideration, Rogers (1948) reported that 
had obtained high yields hyaluronidase staphylococcal cultures using 
cellophane sac containing the culture suspended large volume sterile 
medium. This allowed fresh supply nutrients diffuse into the sac, and 
prolonged growth. Such system has also been used for the production 
Cl. botulinum toxin (Sterne, personal communication).. was thought that the 
method could adapted for the production the anthrax vaccine. 

This paper description apparatus designed for this purpose which 
produced the anthrax antigen concentration approximately times 
great the stagnant 18-hour culture used previously. consisted essentially 
cellophane sac containing the serum culture, suspended wide glass tube 
filled with sterile broth, which was allowed flow continuously over the surface 
the sac. Inside the serum sac was another cellophane sac filled with air. 
Air was passed slow stream continuously through this sac. Maximum 
production the antigen occurred three days, when the sac could refilled 
with serum without resterilizing the apparatus. 


Technical the Method. 
Description the apparatus. 


Reservoir medium (A,* Fig. 10-litre aspirator had sleeve 


Capital letters refer details Fig. and numbers parentheses details Fig. 
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London, fitting over the neck.and projecting inches above it. 
rubber bung inches diameter was fitted the free end the sleeve, and the 
hose kept place with Jubilee clips fastened round the neck the aspirator 
and round the bung. Three glass tubes passed through the rubber bung. One 
these was attached Seitz filter, and another tube containing cotton- 
wool air filter through which suction could applied for Seitz filtration. The 
third was joined glass expansion piece inch diameter its wide end. 
the opening the bottom the was fitted rubber bung, through 
which ran glass tube bent inside the aspirator that touched the bottom. 
The end outside was attached rubber tubing piece glass tubing 
similar bore pulled out pipette end deliver approximately drops per 
ml. pressure inches water. This ran through rubber bung inch 
diameter, which was designed fit the glass reducing piece and (1).* 
rubber sleeve held Jubilee clips was placed over the neck the opening 
the bottom the aspirator and enclosed the rubber bung fitting into it. 

Culture vessel (2).—This consisted sections stout glass tubing inches 
long and inches diameter, held together rubber hose. 
Rubber hose was also fixed each end and projected inches 
inch diameter rubber bungs were fitted into the free ends this 
clips held the rubber hose the glass and the rubber bungs. 

series tubes ran through the rubber bungs shown Fig. and 
The sterile medium was led into the apparatus from the aspirator via the 
reducing unit and tube and (1) (3, 3). The rate flow was controlled 
screw clip the rubber connection leaving the aspirator The medium 
left the apparatus through the tube and (4, tube was attached 
reducing piece (5) with aspirator (Fig. 1). drain cock and (6) enabled 
the apparatus emptied. 


EXPLANATION FLATES. 


and containing cellophane sacs for production the soluble protective 
antigen serum cultures anthracis. Aspirator containing sterile broth for con- 
tinuous supply outside container apparatus. Inflow sterile broth. Rate 
flow regulated screw clip. c,c, Cotton-wool air filter and tube for aerating broth 
outside container. Air filter for passage air through inside sac. Air filter for 
mixing serum culture means occasional flow air through it. and are connected 
through three-way tap. Exit tube for continuous flow sterile broth from outer 
together with effluent air. Bottle for filling culture sac with 
oculation may made the time filling, through the stoppered inoculating tube 
the top apparatus. Three-foot tube filled with water containing lead from 
the air-line connecting and This lead extends the bottom the water tube, and 
open the lower end. This keeps the air pressure the sacs equal, and feet 
water pressure. Sampling cock for removal culture. Drain cock for emptying 
apparatus from broth. Trap effluent air-line from inner sac. Gas cylinder con- 
taining per cent CO,. Mercury manometer air-line apparatus. Air flow meter 
recording total supply air apparatus. Gas wash bottle saturate air with water 
vapour. Soap-bubble flow meter for recording air flow through broth outer container. 
Air-line feed and (flow through sacs). Air-line and trap feed (flow through 
sterile Soap bubble flow meter effluent air-line from inner sac record 
flow air through the sac. Aspirator receive effluent broth. keep pressure 
outer container the apparatus low, negative pressure three feet water main- 
tained the aspirator means the pump lower right-hand corner (Fig. 
Water manometer control negative The Seitz filter the top aspirator 

used for adding NaHCO, required for the production the antigen after the broth 

has been sterilized. 
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3.—A diagrammatic section through the apparatus shown Fig. show the arrange- 
ment the cellophane sacs and tubular communications therewith. (1) Junction with 
the aspirator (a, Fig. containing sterile broth. (2) Glass wall culture vessel. (3) 
Inlet tube for sterile broth. (4) Outlet tube for sterile broth and air. (5) Junction with 
aspirator (T, Fig. for outflow medium. (6) Drain cock. (7) Air filter for air passing 
through sterile broth. (8) Sintered glass aerator for aerating broth. (9) Flow meter 
air entry line regulate air flow through broth. (10) Inner cellophane air sac. (11) 
Cotton-wool filter for air passing through inner sac. (12) Tube for air inflow into inner 
sac. (13) Tube for air outflow from inner sac. (14) Flow meter regulate air passing 
through inner sac. (15) Three-way tap for regulating air flow through inner sac and 
through serum sac. (16) Tube containing three feet water regulate pressure air 
air and serum sacs. (17) Side arm airline inner air and outer serum sacs act 
pressure release safety valve. (18) Outer serum sac. (19) Serum culture sampling 
tube. (20) Bottle for serum culture before filling sac. (21) Tube for filling sac with serum. 
(22) Cotton-wool filter for air passing into serum sac for mixing. (23) Tube for inflow 
air into serum culture for mixing. (24) Flow meter regulate air flow into serum, 
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Air supply.—Air containing per cent CO, from cylinder (Fig. was 
passed through cotton-wool air filter and led into the bottom the apparatus 
(C, (7)) through sintered glass funnel (grade No. (8), which broke 
into fine bubbles evenly distributed through the medium. The air flow was 
regulated the soap-bubble flow meter and (9). (Fig. was mercury 
manometer control the air pressure, and was gas-washing bottle saturate 
the air with water The air exit was the same that for the medium 
(Tube and (4, 4)). Some resistance the air exit was encountered owing 
the formation froth. obviate the rise pressure due this, suction 
was applied the aspirator from small Edwards compressor, being regulated 
the water manometer (Fig. 1). 

Cellophane sac.—Cellophane sausage skin was used, obtained from the British 
Cellophane Company. addition, generous samples American product 
were sent Dr. Lennette, Camp Detrick, Frederick, Maryland, U.S.A., 
and Dr. Henderson the Microbiological Research Department, Mimstry 
Supply, Sections the required length were cut off and tested for 
leaks before use with air and water pressure after tying off one end. 

The complication involving the use two concentric cellophane sacs shown 
Fig. was evolved after considerable number experiments with more 
simplified arrangements. order avoid loss continuity the description 
the apparatus the fina! model illustrated will described, and subsequently 
brief reference made the more simplified forms and the reasons why they 
proved unsatisfactory: 

The arrangement the cellophane sacs shown Fig. The inside sac 
(10) was 9/32 inches diameter and inches long, and consisted fine 
grade cellophane. Its lower end was closed with close-fitting rubber bung 
held place with tight rubber band. Its upper end passed through hole 
the same diameter the cellophane tubing rubber bung inches 
diameter. Into this hole rubber bung was wedged tightly holding the celio- 
phane between the two layers rubber. Air was passed into the sac through 
the cotton-wool filter (11) and tube (12) (E) and out through the tube (13). 
was attached flow meter (14) (S). The air flow was regulated screw 
clip shown the top Fig. and the pressure inside the sac was kept equal 
feet water screw clip the exit tube (13). This was closed until 
occasional air bubble from the side arm (17) rose the open tube containing 
feet water (16) (H). 

The outside sac (18) was made much stouter cellophane, and was inches 
diameter and inches long. Its upper end fitted the bung holding the inner 
sac, and was secured with tight rubber band. The bottom was closed with 
rubber bung held place with rubber band. Through this ran sampling 
tube (19) closed with stopcock (1). serum culture was syphoned pumped 
from the bottle (20) (G) into the sac through the tube (21). The cotton-wool 
air filter and tube (22) and (23) (D) were used pass small quantity air 
occasionally through the serum mix and equalize the pressures the two 
sacs. This was done means the three-way tap (15) the air-line and flow 
meter (24). 

Sterilization.—The apparatus was detached from The aspirators 
and were detached from and The tube was removed from the bottle 
and the air-line detached from and the air exit from the inner sac (13) from 
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the flow meter All and screw clips were loosened. The taps 
and were wrapped paper and also the tube from the The reducing 
piece was plugged and wrapped paper and also the end tube The 
water tube (16) was removed. The whole apparatus was wrapped several 
layers lint, and autoclaved Manlove Alliott sterilizer lb. for 


minutes. 


Culture medium. 


Serum.—This was sheep serum. Sheep were bled from the jugular vein 
into bottles containing sodium citrate g./1). The cells were removed centri- 
fuging and CaCl,/1 added. The clot was manually compressed and 450 
serum Seitz-filtered into the bottle 

Inoculum.—The non-capsulated avirulent strain anthracis 
was used. This was the strain used the Ministry Agriculture Weybridge 
for the preparation their spore vaccine. The organisms were grown hours 
nutrient agar, washed off with distilled water and heated 60° hour. 
Viable counts were made the suspension spores/ml.) and was 
stored the refrigerator. 0-2 ml. was inoculated into 450 ml. serum contained 
the bottle Alternatively, the inoculum could placed directly into the 
sac through the inoculating tube shown Fig. the top the apparatus 
(this omitted Fig. and mixed with the serum air current. 

Sterile broth used for continuous perfusion.—Basal medium: The basis 
the medium was the casein hydrolysate-yeast extract broth (CCY) described 
Gladstone and Fildes (1940). was diluted with phosphate buffer 


CCY broth 2000 ml. 
Distilled water 5460 ml. 


The the mixture this stage was 6-0. 

Sterilizing the basal medium: The exit the bottom the aspirator 
was closed with screw clip, the end the tube fitting into was wrapped 
paper, the bung the top removed and the whole steamed the autoclave for 
minutes. The medium was heated boiling over naked flame and poured 
into the hot aspirator. The bung was replaced, the Seitz filter wrapped and the 
glass expansion piece and air filter plugged with wool and the whole autoclaved 

Further additions After cooling, 

per cent NaOH 240 ml. 


sterilized autoclaving was run syphon through the glass piece 
passing through the bung the top. 

6-6 per cent NaHCO, 
was filtered directly into the medium through the Seitz (The NaHCO, 
necessary factor the production the antigen (Gladstone, 1946). 
was balanced per cent CO, the air stream.) The final the medium 
was 
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Assembly the apparatus. 


The apparatus was assembled incubation room 37°C. The 
clips were tightened and the water tube replaced. Connections and 
and with the flowmeter and with the airline were re-made. The taps 
and were greased with sterile Apiezon tap grease and rubber bands placed 
hold the barrels position. Sterile test-tubes were fitted the rubber bungs 
the ends each tap. The syphon tube was replaced the bottle containing 
the serum culture with aseptic precautions. Finally with very stringent aseptic 
precautions the joints between the aspirator and the tube and between the 
tube and the reducing piece the aspirator were made, sterile paper being 
wrapped round the completed joints. 

Filling the apparatus and adju.ting the gas flow.—The procedure was carried 
out the following order 

(a) The air-line through (8) (C) was closed with screw clip. The three-way 
tap (15) was turned that air flowed into the inner sac, the outer sac being closed 
off. The air flow was started and adjusted the screw clip (seen the top 
Fig. that 200 ml./minute was flowing into the sac measured the flow 
meter (14) (S). The screw clip the exit tube (13) was screwed down until 
occasional bubble rose the water tube (16) (H). 

(6) The serum culture from the bottle (20) (G) was pumped over with hand 
bellows into the outer sac (18). screw clip was then attached the tube 
leaving the bottle prevent the serum syphoning back. 

(c) The apparatus was now filled with the broth opening the screw clip 
the connection the aspirator until ran over through tube was then 
closed. The screw clip the air-line (8) (C) was opened and the flow through 
the medium was adjusted 200 read flow meter (9) (P). 

The compressor attached aspirator was started, and the suction 
adjusted equal feet negative water pressure ‘on the manometer (Fig. 1). 

(e) The flow medium was adjusted the screw clip the exit tube from 
aspirator deliver about drops/minute 1-5 ml.), and final adjustments 
the air flow through the medium and through the sac (both 200 
were generally found necessary. 


Tests the Culture Filtrate. 
Active immunization tests. 


Samples were removed daily for days. Before sample was taken few 

bubbles air were allowed flow through the serum mix the culture 

turning the three-way tap (15). Films showed healthy, well-stained bacilli with 
evidence spore formation samples taken the Ist, 2nd and 3rd days. 
few spores were found days and more days, but there was evidence 
autolysis, all the bacilli staining heavily with methylene blue. Each sample 
was centrifuged and Seitz filtered. 

Dilutions the filtrate were made saline and injected subcutaneously 
into the left flank groups two rabbits. Three doses were given weekly 
intervals and spores (100 A.L.D.) strain suspended 0°25 
ml. tryptic meat broth were injected intracutaneously into the right flank one 
week afterwards. The results are shown Table 
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TaBLE I.—Protective Effect Rabbits Anthrax Vaccine. Samples taken 
different Times Growth. Three Weekly Injections Subcutaneously. Challenge 
100 A.L.D. Intracutaneously. 


Dose (ml.) Result rabbits* 
(made ml.) rabbits each group). 


Days’ growth. 


LD* 


Dead. Superscript numeral day death. 


From Table maximum production appeared days. 

Filtrate from stagnant cultures grown for this time under the conditions 
described the previous paper without the use cellophane gave protection 
doses 1-0 ml. 

Three further tests were done with material reaped after days. They are 
summarized Table IT. 


Rabbiis Three Samples Vaccine Reaped Three 
Days’ Growth. 


Material. Dose. 
0:04 
5/5 


Rabbits 
(No. tested). 


0-04 

0-008 


0:04 
0:04 
0:008 
2/4 
2/3 
4/4 
0/4 
3/4 
18/6 
0/4 
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These results show that almost 100 per cent protection can obtained 
rabbits with doses 0-04 ml. the antigen, and 0-008 ml. and 0-004 ml. give 
considerable protection. protection could obtained with 0-0016 ml. 
This result represents about 25-fold increase antigen compared with the amount 
obtained the earlier methods. 

Protein nitrogen estimations were carried out Miss Staub. There 
was significant fallin protein nitrogen over days. marked contrast 
the rapid fall which occurred stagnant serum cultures. 


Production immune serum. 


The failure produce antiserum which would give passive protection 
rabbits with the soluble vaccine was reported the previous paper. This 
work was now repeated with the more concentrated cellophane grown vaccine. 
Four rabbits were injected intravenously with 0-25 ml. undiluted 3-day culture 
filtrate three times per week for weeks. The dose was then increased 
ml. weekly for three weeks. The rabbits were then bled from the jugular vein 
week after the last injection and the serum pooled. second course im- 
munization was made. Each rabbit received 0-5 ml. weekly for weeks and 
then 1-0 ml. weekly for weeks. final dose ml. was then given, and the 
rabbits bled week afterwards and the serum pooled. 

The serum was injected intravenously into groups two rabbits shown 
Table III. Two controls received ml. normal rabbit serum. The challenge 
was made hours afterwards with the usual 100 A.L.D. virulent spores 
0-25 ml. tryptic meat broth intracutaneously. 


Protection Groups Rabbits Injected Intravenously with 
Serum from Rabbits Hyperimmunized with Soluble Vaccine. Challenge 
100 A.L.D. Spores Intracutaneously hours afterwards. 
Result rabbits* 
rabbits each group). 


Bleeding. Dose serum (ml.). 


After second course 


Control (10 ml. normal rabbit serum) 


Dead. Superscript numerals refer day death. 


Table III shows that passive immunization can produced with serum 
prepared entirely against the soluble antigen. This disposes the suggestion 
previously put forward that protective antibodies can only produced the 
use living vaccines. 


Other immunological tests. 


These were undertaken Miss Staub and they will reported else- 
where. 
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Earlier Methods Used Attempts Produce the Antigen Cellophane 


The abortive attempts produce the antigen cellophane sacs will only 
briefly mentioned order give reasons for introducing what might appear 
unnecessary complications. 


(a) Use single cellophane sac containing the culture. 


fine grade cellophane 9/32 inches diameter was used place 
double sac. The growth was poor overnight, became progressively less, and 
days very few organisms could seen. Miss Staub, however, showed 
protein nitrogen estimations that there was evidence proteolysis. The 
filtrate tested rabbits protected doses 0-2 ml., but gave little protec- 
tion below this dose. would seem that the poor growth was due oxygen 
starvation. 


(b) Use narrower bore cellophane tubing. 


order increase the surface the serum exposed the aerated broth, 
four separate sacs feet long and 25/32 inches diameter were used containing 
the serum. Growth was good, reaching its maximum three days, but the 
difficulty experienced here was the passage the organisms through flaws 
the cellophane, and consequent contamination the broth outside the 
This was probably due the fineness the cellophane and the large surface 
exposed the broth making the chance there being flaw the cellophane 
very great. Another sample cellophane from America behaved the same 
way. occasional satisfactory run gave good yields, but was too uncertain 
make practical method producing the antigen. 

The possibility leaks through the bottom the sac where was joined 
the rubber bung was envisaged. avoid this instead four separate tubes 


The ends were brought and passed through holes the 


inch bung closing the top the apparatus and held place with smaller rubber 
bungs fitting into the holes. The openings the four ends the two loops 
were thus outside the apparatus. Contamination the broth, however, still 


occurred. 


(c) Use cellophane thicker grade. 


(b) was repeated using thicker walled cellophane. Although this got 
over the difficulty preventing contamination, there was evidence oxygen 
starvation the poor growth and little antigen was produced. 


(d) Aeration the serum. 


is, course, impossible aerate serum without the use anti-frothing 
agent. Lard oil containing per cent undecanol (Linggood and Fenton, 1947) 
was used, ml. being added 500 ml. serum. The apparatus was illustrated 
Fig. and except that the central cellophane sac was omitted and sintered 
glass gas distributor inserted its place. The serum was aerated with ml. 
air/minute. very heavy growth was obtained, reaching maximum three 
days. Some spores were seen after days and increased days. Tests 
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proteolysis protein estimations Miss Staub showed that there was 
evidence proteolysis the 4th day, but rapid fall protein nitrogen 
about 1/5 occurred days. The yield antigen days was very poor. 


(e) Less Drastic Aeration. 


The apparatus was illustrated Figs. and but continual slow 
stream air the form large bubbles (about ml./minute) was passed 
through the serum through tubes (22) and (23) (Fig. 3). The serum contained 
ml. lard oil with per cent undecanol. Again only poor yields antigen 
were obtained. 


increasing the duration growth anthracis serum under conditions 
which prevent autolysis, spore production and liberation proteolytic enzyme, 
concentration antigen approximately fold has been obtained. These 
conditions were realized supplying the organism during growth with continual 
supply fresh nutrients and adequate supply oxygen. The growth 
appeared maximal three days and antigen production appeared follow 
it. Over further period days very little autolysis occurred, and evidence 
breakdown the serum proteins was observed. The amount antigen 
the culture did not fall significantly. This marked contrast the results 
where provision was made for continual supply nutrients during growth 
(Gladstone, 1946). this case the growth and antigen production did not 
run parallel. Growth was maximal the second day, but already considerable 
breaking the bacilli form spores was evident, and protein estimations 
showed pronounced proteolysis. The antigen had destroyed, pro- 
tection being obtained with 1-0 ml. doses. 

Growth the cellophane sac limited the oxygen supply. This shown 
the very much greater amount growth produced when the serum aerated, 
the experiments (d) and (e). The organisms appeared well stained with 
little evidence sporulation three days, and proteolysis over this time was 
not marked, yet little antigen was produced. likely that, either the aeration 
denatured antigen was formed, the antifoaming agents lard oil and 
undecanol were inhibitory its production. Which these factors was respon- 
sible has not yet been ascertained. 

The air supply the apparatus illustrated through the wall 
the inner sac from the-broth through the outer There depth 
serum medium about inch aerated. Better growth and still higher 
yields antigen without danger denaturation gassing the toxic effects 
anti-frothing agents might obtained increasing the surface area the 
cellophane exposed air relation the volume medium between the two 
sacs. the existing apparatus using larger cellophane central 
sac would hardly profitable. apparatus being designed the principle 
continuous diffusing system obtain the maximum surface area serum 
exposed air and nutrients. 

The results with passive immunization show that there longer any 
necessity seek qualitatively different antigen explain the phenomena 
passive immunity rabbits. The failure produce antisera with the less 
concentrated vaccine previously reported might due partial destruction 
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antigen the animal body before could become effective the antibody- 
forming sites. The residuum might sufficient produce enough antibody 
protect the animal but not enough make effective immune serum, spite 
prolonged courses immunization. The more concentrated vaccine would 
allow for this destruction, and still sufficient stimulate the production 
effective sera. The better immunizing effect living spores could explained 
the same way. The body the rabbit makes ideal culture apparatus 
the type have been considering. continual supply oxygen and nutrients 
and even fresh plasma can supplied the site injection, and the animal 
can thus produce high yields antigen, all which used for producing anti- 
bodies the one animal. The rate production and amount produced might 
well more than compensate for any destruction that occurred. 


SUMMARY. 


method described for the production soluble protective antigen 
serum cultures anthracis. consists growing the culture cel- 
lophane sac continuously perfused with sterile broth. The culture supplied 
with oxygen through second cellophane sac suspended the serum culture, 
and also air continuously passed through the perfusing broth. 

Maximum growth and yield antigen occurred days. 


The yield antigen was approximately times greater than that pre- 


There was evidence passive immunization rabbits using from 
rabbits hyperimmunized with this antigen, dispensing with the need for living 
organisms producing effective sera. 
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work described this paper was undertaken attempt throw 
some light the mechanism multiplication influenza virus the infected 
cell, and the nature and origin the soluble antigen. 

Hoyle and Fairbrother (1937) showed that extracts with 
influenza virus contained two distinct particles, the infective virus which was 
readily sedimented the high-speed centrifuge, and smaller particle, the 
soluble antigen, which was largely responsible for the complement-fixing properties 
such extracts. Hirst (1941) showed that extracts containing influenza virus 
would agglutinate red blood cells, and that the agglutinin was indentical with the 
infective particle. The infective virus was adsorbed the red cell, and sub- 
sequently eluted without apparent loss, and multiplication virus occurred. 
The infective virus has particle size 100 while the soluble antigen has 
particle size about (Henle and Wiener, 1944). Both particles will 
react complement fixation tests, but the fixation differs character (Hoyle, 
1945 Wiener, Henle and Henle, 1946). The fixation due the infective particle 
shows partial strain specificity, while that due the soluble antigen does not. 
The soluble antigen not adsorbed red blood cells. 

Evidence brought forward this paper show that the influenza virus 
exists two forms with distinct properties, extra-cellular infective form which 
able penetrate through cell walls and agglutinate red blood cells, and 
intracellular multiplying form which non-infective, does not agglutinate red 
blood cells, and possibiy identical with the soluble antigen. 

Most the work has been done with the D.S.P. strain influenza virus 
This strain was isolated from man egg inoculation 1943, and has since been 
maintained passage the allantoic sac. now highly adapted growth 
that situation and very consistent its behaviour. therefore very 
suitable strain for quantitative studies. 


Distribution virus and soluble antigen the infected egg. 

Twelve day old fertile eggs were inoculated the allantoic sac with 0-1 ml. 
dilution allantoic fluid from egg infected hours previously with 
D.S.P. Virus. This inoculum contained million infecting doses, and 
since the allantoic sac 12-day egg lined between 100 and 200 million 
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cells, was sufficient infect some 5-10 per cent the cells. The eggs were 
incubated 35° and examined after different intervals time. The whole 
the allantoic fluid the egg was collected, and extract was prepared from the 
chorio-allantoic membrane grinding the membrane with sand and suspending 
ml. saline. azide was then added concentration per 
cent the allantoic fluids and chorio-allantoic extracts, and the crude extracts 
incubated for hours 37° allow elution virus from the cells present. 
The fluids and extracts were then centrifuged and the virus content the super- 
natants measured the Salk modification the Hirst test (Salk, 1944). Samples 
the fluids were then adsorbed with red cells remove virus, and the content 
soluble antigen determined the complement fixation test using the micro 
method Hoyle (1945). The results were expressed agglutinin units and 
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Time incubation hours 

Fic. virus and soluble antigen eggs infected with D.S.P. virus. 

Virus allantoic fluid 


Soluble antigen chorio-allantoic membrane 
Soluble antigen allantoic fluid 


complement fixing units per egg, the agglutinin unit being the smallest amount 
virus giving complete agglutination the Salk test, while the complement 
fixing unit was the smallest amount antigen giving per cent fixation the 
micro complement fixation test. 

number such experiments were done and the virus and soluble antigen 
content allantoic fluid and chorio-allantoic membrane measured different 
times incubation. Two three eggs were sampled each interval time. 
The results different experiments proved closely comparable, and Fig. repre- 
sents the average result several experiments. 

will seen that the growth virus passes through four stages. 
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(1) lag phase.—For period about hours virus can demonstrated 
the egg. Soluble antigen, however, detected about hours the membrane. 

(2) Phase active appears the membrane about hours, 
and between and hours virus and soluble antigen rapidly increase amount. 
The appearance soluble antigen precedes the appearance virus and first 
increases more rapidly. Active increase both particles ceases hours. 

(3) Phase excretion.—Virus and soluble antigen are released from the 
membrane and appear the allantoic fluid. The behaviour the two sub- 
stances is, however, very different. Excretion virus commences almost once, 
virus being usually detectable the allantoic fluid hours. The rate 
excretion virus greater than the rate production, that the virus content 
the allantoic fluid increases more rapidly than that the membrane, and 
hours the virus content the allantoic fluid considerably greater than that 
the membrane. The content further increases about hours result 
completion excretion from the membrane after active growth has ceased. 
contrast the soluble antigen excreted much more slowly and usually not 
detectable the allantoic fluid until hours. The antigen content the 
allantoic fluid then increases about hours, there being corresponding fall 
the antigen content the membrane. appears that while the virus 
actively excreted the soluble antigen much more intimately associated with 
the cells, and possibly only appears the allantoic fluid result cell des- 
truction. Considerable cell destruction occurs between and hours and 
degenerate cells can found the allantoic fluid after hours. 

(4) Phase about hours’ incubation the virus content 
the allantoic fluid shows slow, steady, logarithmic decline, presumably 
result destruction virus. The soluble antigen is, however, more resistant 
and change amount was seen over period days. 


Nature the virus multiplication. 


Fig. might suggest that the increase virus between 
and hours was result logarithmic multiplication the cells the chorio- 
allantoic membrane followed excretion into the allantoic fluid. However, 
improbable that multiplication occurs any process comparable binary 
fission. The apparent logarithmic increase result taking the average figures 
for Ifthe virus content the allantoic fluid measured intervals 
individual eggs found that the increase does not proceed regularly, but 
rather takes place series steps. Virus appears about hours, increases 
rapidly for about hours, and then remains stationary for 2-3 hours, when 
further step-like increase occurs. Fig. shows typical result. 

The duration the lag phase some extent dependent the amount 
inoculum. Eggs were inoculated with serial 10-fold dilutions infected allantoic 
fluid and the duration the lag phase determined sampling the allantoic fluid 
hourly intervals. The results are shown Table The lag phase remained 
constant about hours with inocula 100-million and 10-million infecting 
doses. When, however, the inoculum was reduced doses, the duration 
the lag phase was doubled. 

seems probable that muitiplication occurs succession intracellular 
cycles, each cycle lasting about hours. After completion the first cycle, virus 
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Presence of Virus in allantoic fluid. 
= 
Egg. 4 hrs. hrs. 6 hrs. 7 hrs. 8 hrs. 9 hrs. 10 hrs. 11 hrs. 12 hrs. 13 hrs. 


{noculum. 
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1,000,000 
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fluid 
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Time hours 


step-like increase virus content allantoic fluid egg inoculated with 
D.S.P. virus. 


released into the allantoic fluid and then infects further cells, and second cycle 
occurs. the inoculum small, virus may not demonstrable the allantoic 


fluid until the second cycle completed, and such case the duration the 


lag phase will doubled. 

Observations similar these were made Henle, Henle and Rosenberg 
(1947), who showed that virus had characteristic lag phase hours, 
while the Lee virus showed lag phase hours. ingenious direct measure- 
ment the amount virus multiplication single cycle was made these 
authors. Eggs were inoculated with small dose virus, the amount taken 
the membrane was measured, and the infection further cells was prevented 
the addition large amount heterologous irradiated virus. single 
step-like increase the virus content the allantoic fluid occurrred, and was 
found that average multiplication 63-fold occurred virus. 
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appeared, therefore, that the lag phase represented the duration the 
first cycle intracellular growth the virus, and special study was made the 
behaviour the virus the first six hours after inoculation. 


Union virus with the cell. 


When influenza virus introduced into the allantoic sac 12-day egg, about 
per cent the virus rapidly taken the cells lining the sac. 
probable that the initial union virus with the cell similar nature the 
adsorption virus red blood cells. Thus, the chorio-allantoic membrane 
removed from egg, minced, and suspended saline containing 0-08 per cent 
sodium azide arrest cell metabolism, then such membrane suspension behaves 
similarly red blood cells that will adsorb virus and the virus subsequently 
eluted. The elution process tends less complete than with the red cell. 
Thus, typical experiment, the minced chorio-allantoic membrane one egg 
adsorbed per cent the virus from c.c. allantoic fluid with Salk titre 
256, and per cent the adsorbed virus was eluted three hours 37° 
One hundred million red cells adsorbed per cent virus from the same fluid, 
and the whole the adsorbed virus was eluted hours 37° The chorio- 
allantoic membrane, like the red cell, does not adsorb soluble antigen. 

The living chorio-allantoic membrane the intact egg behaves very differently. 
When virus introduced into the allantoic sac adsorbed the membrane 
and not subsequently eluted until hours later, when the amount which appears 
much greater than the original inoculum. Thus, one experiment, egg 
inoculated with 100 agglutinin units virus showed demonstrable virus 
the allantoic fluid hours, while hours the fiuid contained 1600 agglutinin 
units. 


State virus during the lag phase. 


During the lag phase virus could the chorio-allantoic mem- 
brane the Salk test, even when the original inoculum was large that virus should 
have been easily demonstrable. Thus, one experiment, egg was inoculated 
the allantoic sac with 0-5 ml. with Salk titre 1024. The 
egg was incubated hours and the allantoic fluid and chorio-allantoic membrane 
removed. The allantoic fluid had volume ml. and gave Salk titre 
that contained less than per cent the inoculated virus. therefore 
appeared that per cent the inoculated virus had been taken the cells 
the chorio-allantoic membrane. The membrane was ground with sand and 
ml. azide saline, and incubated hours allow elution virus from the cells. 

supernatant fluid was then tested the Salk test. trace virus could 
detected. 

large number experiments have been done these lines and case 
could virus demonstrated the Salk test the chorio-allantoic membrane 
during the lag phase, even total destruction the cells freezing and thawing 
failed liberate any detectable amount virus. 

seemed evident from these experiments that the living chorio- 
allantoic membrane during the lag phase the was present some form 
which did not agglutinate red blood cells. Attempts were therefore made 

demonstrate the presence virus infectivity tests. 
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12-day egg was inoculated the allantoic sac with 0-1 ml. dilution 
culum about 5-million infecting doses. The egg was incubated hours, the 
chorio-allantoic membrane removed and washed rapidly six changes 
sterile saline remove allantoic fluid. The membrane was then suspended 
ml. saline and the cells destroyed freezing and thawing times. The 
fluid was then lightly centrifuged remove debris, and the infectivity the 
supernatant tested inoculating eggs with serial 20-fold dilutions. order 
control the possible loss virus adsorption cell debris after the freezing 
and thawing, control test was done which normal chorio-allantoic membrane 
was suspended ml. saline, frozen and thawed times, and then amount 
virus equal the test inoculum was added After standing for hours the 
supernatant was tested for infectivity. The results are shown Table II. 


TABLE Chorio-allantoic Membrane Extracts 
During the Lag Phase. 


Test chorio-allantoic membrane from egg inoculated hours 
previously with million M.I.D. DSP virus. Membrane suspended ml. saline, 
frozen and thawed times, fluid centrifuged. 

Control chorio-allantoic membrane suspended ml. saline, 
frozen and thawed times, million M.I.D. DSP virus added, allowed stand 
hours, fluid centrifuged. 

Tnoculum. No. Eggs Used. No. Eggs Infected. Result. 


dilution 


Infective 
8000 dilution 


Control 
Fluid 


Infective 
1:20 dilution 


Test 

Fluid. 


will seen that the infectivity the control fluid was the order expected, 
since eggs inoculated with 0-1 ml. 8000 dilution (corresponding 
infecting doses) became infected. contrast the test fluid from the chorio- 
allantoic membrane after hours’ incubation was much less infective than ex- 
pected, its infectivity being only four-hundredth the control. 

appeared that during the lag phase the greater part the virus present 
the chorio-allantoic membrane, was present non-infective form. 


Production soluble antigen during the lag phase. 


The experiments Fig. showed that soluble antigen appeared the chorio- 
allantoic membrane towards the end the lag phase, preceding the appearance 
infective virus about hours. 

seemed reasonable suppose that eggs were inoculated with very large 
dose virus infect all the available cells, then the whole production 
virus and soluble antigen might concentrated into single intracellular cycle 
and that single step-like increase might occur. Eggs were inoculated the 
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allantoic sac with 0-5 ml. D.S.P. allantoic fluid with Salk titre 
were sampled hourly intervals, the chorio-allantoic membranes being removed, 
washed with saline remove allantoic fluid, suspended ml. azide saline, 
and the cells disintegrated freezing and thawing times. The suspensions 
were then allowed stand room temperature over-night allow elution 
adsorbed virus from tissue debris, and were then centrifuged and the supernatants 
tested for virus and soluble antigen, The results two such experiments are 
shown Fig. these experiments with very heavy inocula the lag phase was 
shorter than usual. The concentration soluble antigen showed the expected 
single step increase, rapid and considerable production soluble antigen 
occurring between and hours after inoculation. But was found that the 
production infective virus was very largely suppressed, the production being 
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3.—Production virus and soluble antigen chorio-allantoic membrane ezgs 
inoculated with very large dose virus (500 million 


Virus chorio-allantoic membrane 
Experiment 
Experiment 
Soluble antigen chorio-allantoic membrane: 
Experiment 
Experiment 


very much less than expected and some experiments being almost negligible. 
The suppression virus multiplication when eggs are inoculated with large 
dose virus has been noted previously (Henle and Chambers, Miller, 
1944). appears that when eggs are inoculated with very large dose virus 
there occurs rapid and considerable production soluble antigen between 
and hours after inoculation, but there often comparable production 
infective virus. possible that under these conditions the cells become infected 
with more than one particle virus, and unusually rapid intracellular growth 
occurs which makes excessive demands the cell metabolism, with the result 
that the virus often unable complete its normal cycle. 
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Adsorption antibody infected chorio-allantoic membrane. 


After hours’ incubation, the chorio-allantoic membrane infected egg 
contains large amounts both virus and soluble antigen. Such infected 
membrane was washed thoroughly saline remove allantoic fluid, cut into 
small pieces, and suspended 0-4 ml. saline. normal uninfected membrane 
was similarly treated and each suspension 0-1 ml. human convalescent 
serum containing both agglutinin-inhibiting and complement-fixing antibody was 
added. After standing minutes, the fluids were centifuged and the antibody 
contents the supernatants measured. was found that the infected membrane 
adsorbed per cent the agglutinin-inhibiting antibody from the serum, but 
the complement-fixing antibody was unaffected. 

This result probably means that the location the infective virus differed 
from that the soluble antigen. The infective virus was probably either extra- 
cellular present the cell surface, that was able unite with antibody, 
while the soluble antigen was intracellular and inaccessible the antibody. 


DISCUSSION. 

There can little doubt that when influenza virus introduced into the 
allantoic sac the fertile egg, multiplication the virus occurs the cells lining 
the sac. This multiplication appears occur series intracellular cycles, 
each cycle lasting about hours. the end each cycle infective virus 
liberated from the cells into the allantoic fluid when infects further cells and 
further cycle commences. When virus introduced into the allantoic sac, about 
per cent immediately taken the cells the chorio-allantoic membrane. 
However, the virus appears undergo some change the cells that cannot 
demonstrated the usual methods. Extracts the membrane made hours 
after inoculation fail agglutinate red cells, and although infective virus can 
demonstrated the highly sensitive infectivity test, the amount present 
appears less than per cent that expected. seems that the major 
part the virus becomes converted into non-infective form which does not 
agglutinate red cells. this intracellular phase, multiplication the virus 
occurs and after some hours, infective virus re-appears the cells and almost 
once excreted into theallantoic fluid. The failure demonstrate virus the 
chorio-allantoic membrane during the lag phase might due its being firmly 
and irreversibly adsorbed some cell constituent, but this unlikely, since 
such irreversible adsorption can demonstrated vitro. Thus chorio- 
allantoic membrane removed from egg, minced, and suspended azide 
saline, the suspension does not irreversibly adsorb virus, nor does suspension 
chorio-allantoic membrane after freezing and thawing. Such suspensions 
behave red blood cells, that temporary adsorption virus followed 
elution about 3-4 hours. much more probable that the virus becomes 
converted the living membrane into intracellular form, the properties 
which differ from that the extracellular infective virus. analogy with the 
larger viruses such vaccinia, psittacosis, might expected that this 
intracellular phase would phase large particle size, comparable the 
inclusion bodies which occur cells infected with these viruses. However, 
inclusion bodies have ever been demonstrated influenza. There must 
close relationship between the intracellular phase and the soluble antigen, and 
possible that the two are identical. The soluble antigen probably nucleo- 
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protein nature. antigenic, precipitated acetic acid (Hoyle and Fair- 
brother, 1937), and half saturation with ammonium sulphate (author’s un- 
published observation). Its isoelectric point the same that the infective 
virus and has identical electrophoretic mobility (Bourdillon and Lennette, 
1940). The infective virus can shown serological methods contain 
soluble antigen (Hoyle, 1945) and Wiener, Henle and Henle (1946) showed that 
soluble antigen liberated from the infective particle sonic disruption. The 
soluble antigen thus appears consist virus protein. The fact that 
maximum production soluble antigen occurs the earliest stages growth 
the virus the egg would indicate that not merely product disin- 
tegration the infective particles, has often been suggested. The soluble 
antigen non-infective, does not agglutinate red cells, appears the chorio- 
allantoic membrane during the lag phase and rapidly increases amount. 
can released from the cells grinding with sand freezing and thawing 
and appears the allantoic fluid infected eggs after about hours, when 
cell destruction taking place. The properties the soluble antigen are fact 
those which would expected the intracellular phase, and seems reasonable 
suppose that the two may identical. 

this conception correct, then the soluble antigen would represent the 
influenza virus reduced its minimal particle size, and might compared 
self-reproducing protein molecule large size. significance that the sol- 
uble antigens all strains influenza virus appear serologically identical 
(Hoyle, 1945). contrast the infective red cell agglutinating virus elementary 
body would more complex form the virus. contains soluble antigen, 
certain antigens responsible for the strain specificity seen virus neutralization 
tests, and enzyme mechanism enabling penetrate cell walls (Burnet, 1948). 
fact, the infective particle appears essentially extra-cellular phase 
the virus, specially equipped penetrate from one cell another. only 
encountered association with cells when either penetrating into the cell 
process being excreted out the cell. The soluble antigen essentially 
intracellular and only appears extracellular position when the cells are 
destroyed. 

probable that the production the extracellular infective phase the 
virus depends the survival and active metabolism the host cell. Thus when 
eggs are inoculated with very large doses virus very rapid production soluble 
antigen occurs, indicating very rapid intracellular growth, but many cases the 
resulting yield infective virus much reduced and may even negligible. 
possible that the very rapid intracellular growth the virus exhausts the 
‘metabolic power the cell that becomes unable provide materials which 
may necessary for the production the extracellular infective particle. Even 
under optimal conditions probable that the yield infective virus represents 
only small part the total production virus protein. Thus, the total 
some 3600 units complement-fixing antigen produced egg after hours’ 
incubation, only about 600 units represent soluble antigen associated with the 
infective particle, the remaining 3000 units being present free soluble antigen. 

this connection some observations Gard and Von Magnus (1946) are 
interest. They found that eggs inoculated with large dose virus the allan- 
toic fluid contained two particles sedimenting different rates the ultra- 
centrifuge. Both particles agglutinated red cells but seemed probable that 
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only the larger particle was infective. They considered that the smaller particle, 
size approximately half that the infective particle, represented incom- 
pletely developed form the virus, and they refer precursor. They 
considered that this incomplete virus was not disintegration product the 
fully infective form, since was produced very large amounts and the initial 
stages growth. possible that this precursor Gard and Von Magnus 
represents stage the virus life cycle immediately preceding production the 
Sully infective virus. 

evident that tissues infected with influenza virus contain particles virus 
protein different sizes and with different properties. The hypothesis advanced 
this paper that these represent stages cycle development. The alter- 
native view might that they represent disintegration products the infective 
elementary body. But difficult believe that highly egg-adapted strain 
virus would undergo disintegration scale sufficient account for the very 
considerable production soluble antigen which occurs the earliest stages 
growth, nor easy understand why soluble antigen should demonstrable 
the chorio-allantoic membrane before infective virus can demonstrated, 
especially the soluble antigen can only demonstrated the complement 
fixation test which much less sensitive than the red cell agglutination test. 


SUMMARY. 


study has been made the growth-cycle influenza virus the allantoic 
sac the fertile egg. shown that the growth occurs series intra- 
cellular cycles. Infective, red cell agglutinating virus inoculated into the allantoic 
sac taken the cells lining the sac and becomes converted into intra- 
cellular form which non-infective, and does not agglutinate red cells. This 
form multiplies for period hours when the infective form the virus again 
appears, immediately excreted into the allantoic fluid, infects further cells and 
the cycle repeated. 

The influenza virus thus exists two forms, extracellular infective form 
which agglutinates red blood cells and able penetrate cell membranes, 
and intracellular multiplying form which non-infective and does not 
agglutinate red cells. 

The soluble antigen produced the chorio-allantoic membrane large 
amounts the earliest stages growth virus the egg time when the 
intracellular phase the virus presumably multiplying, and possible that 
the soluble antigen identical with the intracellular phase the virus. 
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well established that the ascorbic acid concentration corpora lutea 
highest when this organ fully developed and declines during its involution. 
The ascorbic acid concentration the ovary and the uterus greatest during 
the most active growth pregnancy and then declines (Giroud, Allen, 
1939). increase the ascorbic acid concentration the liver pregnant 
mice and rats was found Kennaway and Kennaway (1944), and Kennaway 
and Tipler (1947). Recent investigations suggest intimate connection between 
ascorbic acid and steroid hormones; the isolation steroid ascorbic acid 
compound from the adrenal has beén reported (Lowenstein and Zwemer, 1946). 
seemed interest, therefore, investigate whether variations the ascorbic 
acid concentration the ovaries, adrenals and livers could demonstrated 
during normal oestrous cycles non-pregnant animals. 


EXPERIMENTAL. 


Fifty female albino rats, 4-6 months old, were kept diet consisting 
rat cubes,” white bread and once weekly carrots greens. Food and water 
was given lib. Rats were killed dislocating the neck. The phase the 
oestrous cycles was always designated according the vaginal smears spite 
the finding that few instances the state the uterus was not complete 
agreement with findings the vaginal smears; e.g. praeoestrus smear and 
oestral distended uterus. 

The organs were removed, weighed and adequate pieces mg.) the 
larger organs and the whole ovary adrenal were placed immediately into 
per cent metaphosphoric acid. The tissues were homogenized, using the all 
glass homogenizer (Potter and Elvehjem, 1936). The homogenate was 
fuged and the supernatant decanted. This procedure was repeated three times. 
The ascorbic acid content the pooled supernatant fluids was titrated using the 
dichlorophenol-indophenol method ml. dye ascorbic acid). 
some experiments the ascorbic acid contents the right and the left ovary 
and the right and the left adrenal were estimated separately other experi- 
ments one the organs was used either for histological investigation for 
histochemical demonstration the ascorbic acid. The latter was carried out 
the method described Barnett and Bourne (1941). 
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RESULTS. 
Ovaries. 


The absolute weight the ovaries was lowest dioestrus, but this was not 
significantly different from any other group. difference was found the 
weights ovaries when related body weight (Table 

Table shows the differences the ascorbic acid content and concentration 
the right and left ovaries during oestrus cycles. Generally the ascorbic acid 
content and concentration was the same both ovaries. The differences were 
not larger than per cent with three exceptions. two these cases the 
vaginal smears were not agreement with the state the uterus one case 
oestrous distended uterus was found with praeoestrous vaginal smear, the 
other oestrous smear was obtained without oestrous uterus, the uterus was most 
likely metoestrus. 


Acid Content Right and Left Ovaries Rats. 


Tat Ascorbic Acid Ascorbic Acid 
eight of content. concentration, 


Oestrus 


520 556 
448 500 
344 562 
448 516 
505 508 
457 493 

453 409 


to 
Stor 


. 


Dioestrus 


” 


Fig. and Table III show the changes the ascorbic acid content and con- 
centration the ovaries during the oestrous cycle. The ascorbic acid con- 
centration significantly lower the oestrus period than during the metoestrus 
_or dioestrus. The ascorbic acid content the ovaries significantly lower 
oestrus than metoestrus, barely significantly lower than dioestrus and 
both content and concentration not differ significantly praeoestrus and 
oestrus. 

The number granules reduced silver present the histochemical ascorbic 
acid preparations the ovaries were roughly parallel with the values found 
chemically for the total ascorbic acid content individual ovaries well 
for the groups the different phases the cycle. The greatest number 
granules were present the metoestrous and dioestrous ovaries, which had 
also chemically the greatest ascorbic acid content. Fewest granules were present 
and oestrus ovaries. The distribution the granules within 
the ovaries varied according the stage the oestrous cycle. 


i 
Phase the uterus not agreement with phase the vagina. 
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1000 


Praeoestrus Oestrus Metoestrus Dioestrus 


acid concentration ovaries from rats during oestrous Each dot 
represents the value found one The straight line gives the mean the group. 


Ascorbic Acid Concentration During Cycles 
Ovary, Adrenal and Liver Rats. 


OVARY 2 
Ascorbic Acid. 


Phase of Number 


rats. Content Concentration. 


vg./ovary (ug. /g.) 

Range. Mean. Range. Mesa. 
22- 540°8 
471-3 
655-0 
23-0 495-1045 


Praeoestrus 
Metoestrus 
Dioestrus 


ADRENAL. 


Phase of 
cycle. 


Number 
of rats. 


Ascorbic Acid 
concentration. 


LIVER. 
Ascorbic Acid 
Concentration. 


Mean. 
258-0 


Range. Mean. P. 
2300-3950 3105 
2590-3750 3018 286-1 
2540-3760 2867 


The values for the oestrus group were taken the basis for 


Range. 
222-324 
184-345 
255-352 


Praeoestrus 
Oestrus 
Metoestrus 
Dioestrus 


Germinal epithelium.—The germinal epithelium dioestrus contained fairly 
numerous small granules. two praeoestrous ovaries, however, one showed 
similar number granules the epithelium, and one showed practically 
none. the oestrous ovaries, few granules could found this region. The 
metoestrous ovaries showed dense deposit granules the germinal epithelium. 
There thus appears cyclic accumulation and loss ascorbic acid this 
region the ovaries. There were granules the Golgi regions the cells 
any stage. 

Corpora lutea.—Corpora lutea were present all the ovaries examined, 
and the distribution the ascorbic acid them summarized under 
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Dioestrus few granules each luteal cell. 

More granules individual cells, but they were smaller size. 

Rather more granules the luteal cells. 

Few granules cells. 

Thus there very slight difference between the cells formed corpora lutea 
different stages the cycle. 

Zona granulosa.—The zona granulosa cells the follicles dioestrus and 
praeoestrus showed very few granules. oestrus more granules were present 
and the greatest number was found metoestrus, which stage they were also 
present the folliculi. oestrus, but not the other stages the cycle, some 
accumulation granules the region the Golgi apparatus the granulosa 
cells was found. was interest that the cytoplasm most eggs the 
follicles showed fairly dense deposition granules, particularly the region 
the zona pellucida, and that some dioestrous follicles the cells the corona 
radiata showed accumulation granules (Fig. 2). 

Stroma.—In the stroma there was not much variation the number 
granules present, although there were rather more metoestrus. 

All ovaries showed the presence variable number cells which the 
cytoplasm was loaded with granules. Most these were found the stroma. 
They were greatest number dioestrus and praeoestrus and fewest oestrus 
and metoestrus. praeoestrus and oestrus some were found the centre 
the corpora lutea. believed that these cells were macrophages. 


Adrenals. 

Table shows the variations the weights the adrenals during the oestrus 
cycles. The weight the adrenals seemed undergo slight cyclic variatiosn, 
being largest the oestrus, gradually declining during metoestrus and dioestrus 
and being smallest the praeoestrus. These differences, however, did not 
prove statistically significant this experiment. 

The concentration the ascorbic acid was the same both adrenals and 
did not change significantly during oestrous cycles, (Table III), but there were 
variations the histochemical distribution. There was fairly definite variation 
the distribution ascorbic acid granules the capsule the adrenals which 
appeared correspond with the oestrous cycle. dioestrus there was moderate 
number granules, generally not the Golgi area but uniformly distributed. 
praeoestrus there were fewer granules and oestrus hardly any were present. 
praeoestrus those granules which were present were located chiefly the 
Golgi area. metoestrus fair number—almost many dioestrus— 
either fine coarse granules were present the cytoplasm the cells. The 
zona glomerulosa cells contained few granules any stage the cycle—in 
dioestrus and praeoestrus the granules were located chiefly the Golgi apparatus 
(Fig. 3), and the oestrus and metoestrus they were mainly free the cytoplasm. 
The outer fasciculata dioestrus showed number coarse granules the 
cytoplasm with only few cells showing granules located the Golgi region. 
praeoestrus most the outer cells showed numerous fine granules concentrated 
near the cell membrane (Fig. oestrus these cells showed only few coarse 
granules but most sections showed fairly large accumulation granules the 
sinusoids—an accumulation which was greater still metoestrus, which stage 
the cells too showed more granules (Fig. impression given this series 
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Fig. 3.—Dioestrus. Localization granules Golgi apparatus. 
Fig. 4.—Praeoestrus. Localization granules cell membranes. 
Fig. 5.—Metoestrus. Localization granules mainly sinusoids. 
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observations that the secretions ascorbic acid the cells reaching its 
height oestrus and metoestrus (greater the latter). The inner cells 
dioestrus show few granules the cells but number the sinusoids. Few 
granules are present either the cells sinusoids praeoestrus and oestrus 
there appears aggregation granules the region the Golgi apparatus 
these cells. The sinusoids between the inner cells the zona fasciculata 
show numerous granules metoestrus and there little impregnation the 
Golgi apparatus. dioestrus the sinusoids the zona reticularis also are 
packed with granules but the cells are relatively free them. praeoestrus 
and oestrus most the cells this zone show impregnation the Golgi 
apparatus. metoestrus there are practically granules the cells but the 


sinusoids contain them. The peripheral medullary cells showed numerous fine 


granules the cytoplasm. The inner cells gave reaction. 

There appears evidence here overlapping cycles secretion and 
intracellular distribution ascorbic acid the different zones the adrenal 
cortex. Possibly these processes may correllated with the timed secretion 
various steroid hormones from the adrenal different stages the cycle 
(Dean and Morse, 1948). 


Liver. 


The weights (Table the liver did not change during oestrous cycles. 


The ascorbic acid concentration (Table was significantly higher 
than oestrus. The dioestrus and praeoestrus values did not differ significantly 
from that oestrus. The distribution the ascorbic acid the liver cells was 
not determined histochemically. 

Ascorbic acid determination was not carried out other organs but changes 
the weights several organs were recorded and they are summarized Table 

The pituitary was heaviest the oestrus, declined weight during metoestrus 
lightest the dioestrus and praeoestrus. The difference between 
oestrous and dioestrous pituitaries was barely significant but became significant 
when pooled figures for dioestrus and praeoestrus were compared with those 
oestrus 

The thymus was remarkably small during metoestrus. Although the 
statistical significance this difference doubtful, seemed interest view 
the physiological antagonism between this organ and the gonads. 

The mean body weights did not differ between the groups animals killed 
the different phases the oestrous cycles. Similarly cyclic variation could 
found the weight the kidneys. The variations the weights the 
spleens were irregular and not significant. 


DISCUSSION, 


The decrease the ascorbic acid concentration the ovaries during oestrus 
might due water shift, similar the water uptake which occurs the 
uterus during that period. The changes the ascorbic acid concentration the 
ovaries, however, cannot explained this way, since the ascorbic acid content 
the ovaries showed similar fluctuations and the weight the ovaries did not 
increase significantly during the oestrus. The cyclic changes seem occur 
since the ascorbic acid content both ovaries were generally 
the same. 
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Cyclic variations the ascorbic acid content the ovaries with minimum 
the oestrus period might due (a) decrease the ascorbic acid content 
during oestrus increase during metoestrus. Previous work the 
ascorbic acid content corpora lutéa cows suggests that the latter possibility 
the more likely (Biskind and Glick, 1936). the corpora lutea ovulation 
from rats, however, little change could demonstrated histochemically the 
ascorbic acid granules, but typical variations were seen the germinal epithelium 
and the zona granulosa cells during the cycle. Thus the rat the increase 
the ascorbic acid the metoestrus seems not due development 
the corpora lutea. was repeatedly suggested that the ascorbic acid content 
the corpora lutea connected with the secretion progesterone both 
undergo fluctuations the same cycle. The findings this experiment seem 
rather support this hypothesis. The uterus the rat does not undergo cyclic 
progestational changes. The corpora lutea ovulation from the rat apparently 
never becomes functional owing the shortness the dioestrus period (Long 
and Evans, 1922; Parkes, 1929). cyclic changes the ascorbic acid content 
the corpora lutea could found. noteworthy that metoestrus, when 
presumably membrana granulosa cells are metamorphosing into cells, large 
accumulation ascorbic acid present these cells. few our own 
experiments the ascorbic acid content ovaries pregnant rats was found 
very high. 

The changes the ascorbic acid content the adrenals during the cycles 
are too small allow conclusion, but the changes the distribution ascorbic 
acid the adrenal and its cells suggests series cyclic secretion ascorbic 
acid the different zones the cortex which may associated with the 
secretion steroid hormones. The fact that the cells particular zone show 
impregnation some stages the oestrous cycle and not others suggests 
that, despite findings Dean and Morse (1948) that delayed fixation can cause 
apparent localization the acid the Golgi apparatus, the ascorbic 
acid may have physiological localization this part the cell. 

There are definite indications (Long, 1947) that the adrenal the mobilization- 
steroid hormone associated with decrease the ascorbic acid and 
terol content the adrenal. Long (1947) points out, however, that strict 
parallelism could established between the mobilization cortical hormones 
and ascorbic acid intact animals. more definite relationship has been 
established between the cholesterol content the adrenals and the cortical 
secretion. view this proposed investigate the changes the 
cholesterol content the ovaries during the oestral cycle. significant increase 
the weight the adrenals during oestrus has been reported previously (Bourne 
and Zuckerman, 1941). The weight the adrenals oestrus was found 
increased although not significantly the work now reported. 

The significant increase the liver ascorbic acid during the metoestrous 
period might interest relation the inactivation the oestrogens 
the liver (Zondek, and Kennaway (1944) consider that the 
inactivation the oestrogens might connected with the increase the 
ascorbic acid content found the liver pregnancy. 

The cyclic changes the weight the pituitary with maximum during 
oestrus and that the thymus with minimum during metoestrus resemble 
miniature the changes which these organs undergo during pregnancy. 
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SUMMARY. 


(1) The content and histological distribution ascorbic acid the ovaries 
rats undergo cyclic variations during normal oestrous cycles. The content 
lowest during the oestrus, highest the metoestrus and declines again the 
dioestrus. Cells the membrana granulosa particular show the greatest 
number ascorbic acid granules metoestrus. cyclic variations were 
the ascorbic acid granules the corpora lutea. 

(2) The ascorbic acid concentration the adrenals does not show significant 
cyclic variations, but histochemically there appears evidence series 
overlapping cycles secretion and intracellular distribution ascorbic acid 
the different zones the adrenal cortex. 

(3) The ascorbic acid concentration the liver significantly increased during 
metoestrus. This phenomenon might connected with the inactivation the 
oestrogens the liver. 

(4) The weight the pituitary significantly increased oestrus. 


One the authors (C. Hoch-Ligeti) wishes thank The British Empire Cancer 
Campaign for grant. are obliged Mr. Goodall for his skilful 
technical assistance. 
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THE ACTION TETANUS TOXIN THE ACETYLCHOLINE 
AND CHOLINESTERASE CONTENTS THE RABBIT’S IRIS. 


From the Department Pathology, Guy’s Hospital Medical School, London. 
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THE injection small quantity tetanus toxin into the anterior chamber 
the rabbit’s eye followed some hours later marked dilatation 
the pupil which persists for several weeks (Ambache, Morgan and Payling Wright, 
1948). During the period which mydriasis present, the pupil exhibits 
reaction light, even when strong illumination used, though the animal some- 
times attempts guard its eye against glare narrowing its palpebral fissure 
and movements its nictitating membrane. 

The prolonged mydriasis produced this toxin not the result any 
serious injury the muscle fibres the sphincter pupillae, for even when small 
quantities acetylcholine are injected directly into the aqueous humour, 
marked constriction the pupil immediately takes place. Nor the protracted 
dilatation the pupil dependent upon any toxin-induced overactivity the 
sympathetic nerves the dilator pupillae the iris, for mydriasis, indistinguish- 
able from that produced the fully innervated eye, can evoked the toxin 
after the superior cervical sympathetic ganglion has been removed, and time. has 
been allowed ensure the subsequent degeneration its post-ganglionic nerve 
fibres. The pupillary dilatation thus independent either injury the 
intrinsic muscles the iris, overactivity their adrenergic innervation. 
the other hand, there strong evidence that the mydriasis associated with 
some serious derangement the cholinergic innervation the sphincter pupillae 
—which the albino rabbit the muscle chiefly concerned with reaction 
light—because electrical stimulation the oculomotor nerve, which the 
normal side produces prompt myosis, brings about little reduction the 
diameter the dilated pupil the intoxicated eye. Even after the instillation 
injection eserine into the intoxicated eye, order potentiate the action 
its cholinergic innervation much possible, the myosis induced oculo- 
motor nerve excitation still incomplete. 

Should this interpretation the action tetanus toxin paralysis the 
cholinergic innervation the sphincter pupillae correct, would seem likely 
that the height the intoxication, the acetylcholine content the iris and 
aqueous humour might fall significantly below their normal values. Further, 
since injuries cholinergic nerves are sometimes followed reduction 
their content cholinesterase, some alteration the concentration this 
enzyme the iris various phases the intoxication also seemed possible. 
The following experiments were made ascertain whether not such changes 


take place. 


408 


ACTION TETANUS TOXIN. 409 


MATERIALS AND METHODS. 


The toxin used was made from the highly toxigenic strain 655 Cl. 
The Seitz filtrate from eleven-day culture was treated with ammonium 
sulphate according the method devised Ipsen The dried precipi- 
tate thus obtained was preserved vacuum desiccator. The resulting finely 
powdered toxin dissolved readily saline, and fresh sterile solutions were pre- 
pared few minutes before each intra-ocular injection was carried out. The 
dose for mice the dried toxin the time its preparation was deter- 
mined the death-time method described Ipsen and was found 
0-075 there was sign serious decrease its potency during the 
period the experiments. 

The details the procedure for the toxin into the aqueous humour 
have already been described (Ambache al., 1948). the present experiments, 
standard dose 0-05 ml. sterile saline has been used throughout 
apart from the pupillary changes, rabbit has shown any sign tetanus 
intoxication. slight leakage fluid from the anterior chamber sometimes 
followed the withdrawal the needle, but the loss toxin solution this way 
could satisfactorily minimized introducing the needle obliquely through 
the sclero-corneal junction, and sufficiently far for the toxin enter the chamber 
close the pupillary margin the further well known that convection 
currents are present the aqueous humour, and these should suffice dis- 
tribute the toxin rapidly all parts the iris (Duke-Elder, 1946). 

Assays acetylcholine were made both the dorsal muscle the leech 
and the rectus abdominis muscle the frog the procedure followed closely 
that described Chang and Gaddum (1933). The leech muscle was suspended 
bath containing ml. the test fluid, and was sensitized immersion 
with frog serum. the frog rectus muscle, ml. bath was used, and the 
concentration eserine was raised 10°. 

The rabbits which the assays the acetylcholine and the cholinesterase 
contents the control and intoxicated irises were carried out, were full-grown 
albinos they were anaesthetized injection veterinary nembutal 
(ca. mg./kg.), and when insensible they were killed airembolism. The irises 
were removed immediately after death and weighed. Since the pairs irises thus 
obtained were almost identical weight, their acetylcholine content has been 
expressed per iris. Directly after their excision, those for acetylcholine assay 
were placed ml. per cent trichloracetic acid. They were cut into 
fine particles with scissors, and extracted with this acid for one hour the thin- 
ness the iris facilitated the extraction process. The particles were removed 
centrifugation, and the clear acid extract was shaken with equal volume 
ether, which, after separation had taken place, was removed with fine pipette. 
Ether extraction was repeated five times this manner, and finally the residual, 
partly dissolved traces ether were removed warming the extract 50° 
under reduced pressure. control blank experiment, assays leech muscle 
showed that this procedure was effective removing trichloracetic acid that 
had been added standard solutions acetylcholine. From the ether-extracted 
solutions, suitable dilutions were prepared for assaying the leech and frog 
rectus muscles; comparisons were made with standard solutions acetyl- 
choline, and the results the tests were expressed acetylcholine-equivalents. 
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The cholinesterase contents the irises (combined totals true and pseudo- 
cholinesterase) were determined slight modification the gasometric 
method introduced Ammon (1934). After the irises had been removed and 
weighed, they were ground for six minutes with little fine sand mortar 
that contained ml. Locke’s solution containing 0-1 per cent NaHCO,. The 
tissue-sand suspension was washed into the flask the Warburg apparatus 
with further ml. Locke-bicarbonate solution. The flasks were then washed 
out and finally filled with gas mixture composed per cent and per 
cent CO,. After temperature equilibration had occurred, 0-3 ml. solution 
containing mg. acetylcholine was added from side-arm. Following the 
recommendation Nachmansohn (1939), manometer readings were taken 
and minutes after the addition the acetylcholine from their differences 
the the iris was calculated. (The the amount acetylcholine 
(in mg.) that hydrolyzed 100 mg. tissue fluid per hour.) 

Specimens aqueous humour required for acetylcholine assay were with- 
drawn from the anterior chamber with No. gauge needle into tuberculin 
syringe usually 0-2 0-3 ml. could obtained any single occasion. Two 
hours before the removal the aqueous humour, one drop one per cent eserine 
sulphate solution was instilled into each conjunctival sac. The actual with- 
drawal the fluid was carried out few minutes after anaesthesia had been 
produced the intravenous injection veterinary nembutal. Dilutions 
the aqueous humour were made with frog-Locke solution, and their acetyl- 
choline content was assayed the leech muscle. 

the experiments made test the sensitivity intoxicated irises 
parasympathomimetic substance, carbaminoylcholine (‘‘ 
jected subcutaneously dosage 0-1 mg./kg. These animals all exhibited 
the symptoms profound salivation, micturition and defaecation, that are 
ordinarily elicited this drug. During the period action the 
choline, the rabbits were kept facing window, and their pupils were measured 
every ten minutes with millimetre scale. these experiments, anaesthetic 
was used. 


RESULTS. 


Acetylcholine normal and intoxicated eyes. 


(a) Identification acetylcholine aqueous humour ond iris extracts.—The 
results the following tests (Chang and Gaddum, 1933) support the belief that 
acetylcholine present extracts made from the normal aqueous humour and 
iris. When samples aqueous humour were made alkaline for one hour 
room temperature, the addition equal volume n/10 NaOH, and sub- 
sequently neutralized with n/10 HCl treatment that was found suffice for 
the inactivation acetylcholine solutions), they lost almost all their former 
power exciting the contraction eserinized leech muscle. Similarly, the 
addition fresh rabbit serum (to concentration 50) aqueous humour 
completely destroyed its leech-muscle stimulating properties after minutes 
room temperature. Thirdly, assays the trichloracetie acid extracts the 
iris gave closely similar results (expressed acetylcholine equivalents), when 
tested upon the leech muscle and the frog rectus abdominis muscle. Lastly, the 
intravenous injection such iris extracts brought about fall the arterial 
blood pressure eserinized rabbit, action which could abolished 
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atropine. Collectively, these various tests provide strong presumptive evidence 
that the active substance these extracts the iris and aqueous humour was 
acetylcholine. 

(b) The acetylcholine contents normal and intoxicated irises.—Estimations 
the acetylcholine equivalents extracts obtained from normal and intoxicated 
irises were made upon both leech and frog rectus abdominis muscle preparations. 
The results for the paired control and intoxicated irises the same rabbit can 
seen Table the periods intoxication ranged from two seven days. 


TaBLE Equivalents Extracts from Normal and Intoxicated 


Intoxicated used. Control Intoxicated Percentage 


The average weight six normal irises was mg. and six intoxicated ones was mg. 


From Table can seen that the end hours, which time 
complete paralysis the sphincter pupillae has developed, slight fall has taken 
place the extractable acetylcholine the intoxicated iris. From that time 
onwards the relative concentrations acetylcholine the intoxicated side fall 
progressively until the seventh day only little more than half that 
its normal control counterpart. 

(c) The acetylcholine contents the aqueous humour normal and intoxicated 
eyes.—The quantities acetylcholine that. were present the small samples 
aqueous humour that could removed from the anterior chamber single 
withdrawal, were beyond the range sensitivity the frog rectus abdominis 
muscle preparations, and assays were consequently all made upon leech muscles. 
The results obtained intervals after the inception intoxication that ranged 
from three seven days are set out Table 


Equivalents (per ml.) the Aqueous Humours 
Normal and Intoxicated Eyes. 
Acetylcholine equivalents (ug. per ml.) 


Eyes not measured, but the left pupil was much larger than the right one. 


Period Diameters pupils (mm.) (as acetylcholine chloride). 
"Gn Control Control Intoxicated Percentage 
eye. eye. decrease. 
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From the comparisons shown Table II, can seen that the acetyl- 
choline concentrations the aqueous humour fall quite early the period 
intoxication small fraction those the normal control eyes. 
instance was too low for assay, and presumably this small amount 
acetylcholine that persists throughout the period intoxication, which produces 
the contraction the sphincter pupillae which can observed (Ambache 
al., 1948) after the instillation drop eserine solution into the conjunctival 
sac the intoxicated side. 


mins. mins. 


DAYS DAYS DAYS 


10 


10 20 30 40 ° © 20 30 30 «640 ine 
mins. 


DAYS DAYS DAYS 


1.—The effect carbaminoylcholine (0-1 mg./kg.), injected subcutaneously the 
diameters the pupils the control (c) and the intoxicated (TT) eyes six rabbits— 
two days, one each and days, and two days after the beginning the in- 
toxication. Measurements taken minute intervals from the moment injection 
the drug. 


Pupil diameter 
w 


> 


— 
mo) 
a 


EXPLANATION PLATE. 


sensitization the intoxicated iris carbaminoylcholine. Successive photo- 
graphs the two irises, with those the one (injected days before with 
tetanus toxin) the left and those the control one the right. 

dark adaptation. Taken with flash illumination 0-1 milliseconds. 

and adaptation. Taken after one minute exposure No. Photoflood 
watts) cm. distance. Shows absence reaction light the intoxicated 
side (cf. 

and adaptation. Twenty minutes after subcutaneous injection car- 
baminoylcholine (0-1 Taken with flash illumination 0-1 milliseconds. Shows 
(a) absence any drug effect the control side (cf. and (b) myosis the intoxicated 
eye, (cf. A); this demonstrates the sensitization the sphincter muscle that side. 
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Sensitization the intoxicated sphincter pupillae carbaminoylcholine. 


From these last observations, together with previous findings, would seem 
that the intoxicated sphincter possesses certain the features associated with 
denervation. this were so, the sphincter might expected exhibit the 
same sensitization cholinergic drugs that which well known occur 
after nerve section. test this hypothesis, the stable choline ester, carb- 
aminoylcholine, doses 0-1 mg./kg., was injected subcutaneously into rabbits 
which the toxic mydriasis had developed. This injection was followed quickly 
profuse salivation, which turn was rapidly succeeded copious urination 
and defaecation. Within ten minutes the injection, lessening the typical 
tetanus mydriasis could observed the intoxicated side, though none could 
detected the opposite (control) eye. The pupillary diameters the two sides 
were measured daylight ten minute intervals for hour; the results 
six rabbits are shown Fig. The typical effect this drug also illustrated 

clear from Fig. that the dosage used, the carbaminoylcholine 
very differently effective the two sides. the control side, can seen 
from comparison and Fig. the light reflex was still normally active 
the pupillary diameter, however, was hardly affected the action the drug 
(Fig. the intoxicated side, which, can seen from comparison 
and Fig. the light reflex had been lost, the mydriasis could seen 
lessen markedly within twenty minutes the injection the drug (Fig. 
When the measurements were made ordinary daylight, the external conditions 
under which the data recorded Fig. were obtained, the drug myosis progressed 
until the diameter the pupil the intoxicated side approximated closely 
that the control one. There was thus evidence sensitization the sphincter 
pupillae the intoxicated side, for responded dose carbaminoylcholine 
that was sub-threshold for the normal eye. The pupillary contraction induced 
the drug was only temporary, however, and the end several hours, the 
unilateral constrictor effect had disappeared, and the mydriatic paralysis the 
tetanus intoxication had re-asserted itself. 


Cholinesterase contents the irises normal and intoxicated eyes. 


far could determined the method described Ammon (1934), 
cholinesterase absent from the aqueous humour unless this fluid becomes 
contaminated with traces blood during the process its withdrawal. These 


TABLE Contents the Irises Normal and Intoxicated 


Period Diameters pupils (mm.) (total cholinesterase). 

intoxication Control Intoxicated Control 

(in hours). eye. eye. iris. iris. 

144 1-56 1-51 

240 1-60 1-48 

288 1-38 1-26 

Averages 9-0 1-58 1-52 
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findings are agreement with those and Wolff (1938) the aqueous 
humour bovines. 

the other hand, saline extracts prepared grinding the irises with fine 
sand possess marked cholinesterase activity. The results several experiments, 
which the periods intoxication ranged from days, are shown Table 

From Table evident that intoxication the iris leads little, any, 
alteration its cholinesterase content. Although five the six experiments, 
less enzyme was recovered from the intoxicated side, the differences between the 
two were never marked, and doubtful whether they can regarded posses- 
sing any significance. 


NOTE THE CHOLINESTERASE SKELETAL MUSCLE LOCAL TETANUS. 


Although the above findings upon the iris showed that its cholin- 
esterase content was little, all, reduced during the period action the 
toxin, the importance this enzyme neuromuscular activity demands that its 
possible involvement this form intoxication studied under wider variety 
circumstances. For this reason have carried out some supplementary 
experiments upon skeletal muscles which had been induced. 
similar investigation was made Martini, Torda and Zironi (1939), who were 
unable demonstrate any significant changes the concentration this enzyme 
the gastrocnemius and tibialis anticus muscles rats into whose hind limbs 
sub-lethal dose tetanus toxin had been injected But 
view the relative refractoriness this species tetanus intoxication, felt 
desirable repeat similar experiments the more susceptible guinea- 


pig. find, however, that even this species, there are significant changes 
the cholinesterase contents two distinct muscle groups, even 
after the toxin had been injected directly into the muscles themselves. These 
results agree with those upon the cholinesterase contents the iris, under con- 
ditions intoxication, that are reported above Section 


Methods, 

(1) quadriceps —The quadriceps muscles one 
leg guinea-pig were injected with total 0-5 (6-5 toxin 
8-10 points. The opposite leg was used control. Spastic tetanus developed 
within hours. Cholinesterase estimations were made after 48, and 120 
hours. The animals were killed concussion and exsanguination. two 
experiments, the legs were freed from blood perfusion with Tyrode’s solution 
others, this step was omitted did not appear affect the results signi- 
ficantly. The pairs muscles were excised rapidly, weighed and ground for 
six minutes fine suspension with sand Locke’s solution. true 
cholinesterase determinations, 0-025 NaHCO, was used. 

(2) Experiments rectus abdominis.—In these the animals were anaes- 
thetized with nembutal, and the rectus abdominis muscles were exposed asepti- 
cally mid-line incision. The solution, which contained 1-0 (13 mouse 
toxin was injected inside the rectus muscle its sheath points 
each side the mid-line spread over its whole length. The skin was 
sutured with catgut. All the animals were killed hours later, which time 
their abdominal walls were palpably rigid. the same time, control 
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uninjected animal was killed, and the entire rectus muscles both animals were 
excised, weighed and ground fine suspension. were made 
duplicate. few additional determinations the enzyme content normal 
muscles were made separately. 

(3) Cholinesterase determinations.—Estimations were made gasometrically 
both (a) total cholinesterase and (b) true cholinesterase the difference 
represented pseudo-cholinesterase. The substrate used for the former was 
acetylcholine chloride and for the latter, chloride. 
Results. 

(1) quadriceps there was severe spasm all the in- 
jected legs, and spread the tetanus the contralateral control side, there 
was significant difference between either the total the true cholinesterase 
contents the intoxicated and control muscles. The results are given 
Table IV. 

quadriceps femoris. 
(a) Total Cholinesterase. 


(6) True Cholinesterase. 
(2) rectus abdominis.—The absence any significant change the 
cholinesterase content this muscle the abdominal wall 
can seen from Table 


TABLE abdominis. 


Qche in Tables 
100 mg. tissue one hour. 


Muscles from 


Intoxicated muscles 


control from animals with 
animals “local 
Animal 
Total. True. Total. True. 
0-998 
0-970 
0-810 
0-305 


and the weight acetylcholine (in mg.) hydrolyzed enzymatically 
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These results show that there significant decrease, detectable this method, 
the cholinesterase content voluntary muscles local may 
that the methods present available are insufficiently sensitive detect 
change the kind suggested Harvey (1939). For example, possible that 
the injury produced tetanus toxin sharply the terminal un- 
myelinated portion the nerve endings, where small decrease cholinesterase 
might have eserine-like effect neuro-muscular transmission, yet because 
the high cholinesterase content the rest the nerve fibres, such small 
decrease would escape detection the methods present available. 


DISCUSSION. 


analysis the mydriatic action small doses tetanus toxin injected 
directly into the anterior chamber the rabbit’s eye, has led the belief that 
this agent acts specifically upon the cholinergic mechanism the sphincter 
pupillae. That the toxin exerts little direct noxious effect upon the smooth 
muscle this structure shown both the immediate myosis that follows the 
injection acetylcholine into the anterior chamber (Ambache al., 1948) 
and the present results with carbaminoylcholine. Similarly, the insuscepti- 
bility the adrenergic innervation the iris this toxin demonstrated 
earlier experiments which the stimulation the cervical sympathetic trunk 
was followed enlargement the pupil the intoxicated eye. the 
other hand, the persistent mydriasis, the failure the pupil react light, and 
particularly the failure the pupil contract after electrical stimulation the 
third nerve, all indicate that during the period intoxication the cholinergic 
transmission the sphincter pupillae almost completely paralysed. 

The activity the post-ganglionic fibres the ciliary ganglion, which are 
connected centrally through the third nerve, known lead accumulation 
acetylcholine-like substance the iris and aqueous humour. Englehart 
(1931) observed that effect upon the frog’s heart, similar that produced 
acetylcholine, followed from the addition dilutions eserinized aqueous humour 
Ringer’s solution, and that the activity such solutions became greater 
before the withdrawal the aqueous humour, the eye had been strongly illumi- 
nated and the sphincter pupillae had consequence been thrown into contraction. 
also found that substance with similar properties could extracted from 
the iris and ciliary body long their parasympathetic innervation remained 
intact, and could increased quantity electrical stimulation the third 
nerve, but could longer recovered after the removal the ciliary ganglion 
had led the degeneration its post-ganglionic fibres. Some these findings 
had been anticipated Platner and Hintner (1930) and Velhagen (1931, 
the latter drew important parallels between the pharmacological and 
the chemical properties the iris extracts and acetylcholine. 

The results the present experiments the normal eye support the view 
these earlier investigators that the humoral agent that operates the sphincter 
pupillae actually acetylcholine. They also indicate that acetylcholine 
equivalent trichloracetic acid extracts made from our control irises about 
per tissue this concentration substantially above that found 
Platner and Hintner (1930), but the difference between the two estimates may 
partly attributable their use the older acid-alcohol method extraction. 
That this substance should present the iris high concentration, 
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however, not surprising view both the copious innervation that this 
structure receives from the ciliary ganglion (Duke-Elder, 1946) and the relatively 
high concentration acetylcholine the post-ganglionic ciliary nerves (von 
Euler, 1948). 

The observations described the present paper carry the analysis the 
mode action tetanus toxin stage further, since they show that the intoxi- 
cation the iris leads marked diminution the quantity acetylcholine 
that can extracted from with trichloracetic acid. comparison Tables 
and further shows that the aqueous humour the intoxicated side (in day- 
light the presence. eserine) becomes relatively even more depleted acetyl- 
choline than the iris—a finding which might indicate greater interference 
the toxin with the release acetylcholine the terminations the nerves than 
with its storage the fibres themselves. This association between the virtual 
paralysis the third nerve fibres supplying the sphincter pupillae the affected 
side and the diminution the amount acetylcholine that can extracted 
from the intoxicated iris and the aqueous humour, seem validate the inference 
that one result the injury produced the tetanus toxin interference 
with the liberation acetylcholine the cholinergic nerve endings within the iris. 

now recognized that both cholinergic and adrenergic effector systems 
become more sensitive their normal humoral agents—or certain their 
mimetic analogues—after their innervation has been destroyed (Cannon, 1939). 
the case the sphincter pupillae the cat, this hypersensitivity acetyl- 
choline develops within few hours surgical denervation and reaches its maxi- 
mum within few days (Shen and Cannon, 1936; Keil and Root, 1941). 
the supposition that under the conditions the present experiments, the in- 
jected toxin injures the peripheral extremities the cholinergic fibres the 
sphincter pupillae, and thus temporarily deprives its normal transmitter, 
might expected that this muscle would become unduly sensitive para- 
sympathomimetic drug. This expectation Observations made after 
the subcutaneous injection carbaminoylcholine subcutaneously into rabbits 
which one iris had been intoxicated showed that with the dosage used, the normal 
pupil underwent little change size, whereas the intoxicated pupil exhibited 
marked myosis which persisted for more than hour. Thus these experiments, 
the intoxicated iris behaved though had become sensitized acetylcholine 
and its analogues through the loss its normal cholinergic innervation. 

his discussion the mode action tetanus toxin producing local 
tetanus the skeletal muscles cats, Harvey (1939) suggested that addition 
some effect upon the acetylcholine metabolism nerves, the toxin might bring 
about reduction the cholinesterase concentration their endings. such 
reduction, however, was detected Martini, Torda and Zironi (1939) the 
gastrocnemius tibialis anticus muscles rats any stage days after 
local tetanus had been induced. Nor have been able find any such fall 
comparable experiments upon guinea-pigs. What little evidence there that 
this enzyme inhibited tetanus toxin has been derived from vitro experi- 
ments, which unfortunately were for the most part carried out before the dis- 
tinction between true and pseudo-cholinesterase had been recognized. Schaefer 
(1944) has described slight reduction the activity cholinesterase muscles 
that had been incubated with tetanus toxin for several days, and similar findings 
have been recorded Ammon (1943) and Werle and Stiittgen (1942). Our 
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present observations support the general consensus these earlier investigators’ 


views that tetanus toxin has little detectable action upon cholinesterase. 

experiments described the present paper thus amplify the points 
resemblance between tetanus intoxication and nerve section. The two are alike 
that the acetylcholine content both the intoxicated iris and nerve during 
post-traumatic degeneration (von Muralt and von Schulthess, 1944) undergo pro- 
gressive decline. the other hand, they appear differ that tetanus 
intoxication seems have significant effect upon the cholinesterase content 
the iris, while the concentration this enzyme degenerating nerve 
known decrease considerably (von Briicke, Couteaux and 
Sawyer, 1946). 


SUMMARY. 


(1) During the period mydriasis produced the injection tetanus toxin 
into the rabbit’s eye, the acetylcholine contents both the aqueous humour and 
the iris are markedly diminished. 

(2) The iris the intoxicated eye undergoes myosis with doses carba- 
minoylcholine that are insufficient produce pupillary contractions the 
control this unilateral effect believed indicate sensitization the 
intoxicated sphincter pupillae cholinergic drugs which comparable that 
found after its traumatic post-ganglionic denervation. 

(3) indication has been found that the cholinesterase content significantly 
diminished tetanus intoxication either the iris skeletal muscles. 
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previous work muscle ischaemia have been concerned with the local 
and general changes produced ischaemia voluntary muscle. have shown 
that after period muscle ischaemia there increase the level some 
components the nucleotide molecule the peripheral blood (Stoner and 
Green, 1944, 1945a). Examination the muscle during and after ischaemia 
showed that the content the various nucleotide fractions was low, and that this 
decrease was greater than could accounted for anoxaemic decomposition 
(Green, Bielschowsky and Stoner, preparation). These findings, considered 
together, indicate, the least, that fragments the nucleotide molecule are 
liberated from voluntary muscle after ischaemia. However, not possible 
from the data thus obtained decide what form, forms, the nucleotide 
becomes extracellular under these conditions. 

The adenine nucleotide cardiac muscle thought present diadeno- 
sine pentaphosphate (Beattie, Milroy and Strain, 1934). This polynucleotide 
also found voluntary muscle (Bielschowsky, M., unpublished result). The 
nucleotide content cardiac muscle also somewhat less than voluntary 
muscle. Despite these differences there evidence suggest that nucleotide 
metabolism cardiac muscle essentially dissimilar from voluntary 
muscle. Since coronary occlusion such important pathological event, 
natural that should include our studies investigation the effect 
ischaemia cardiac muscle. the appeared that the essential 
problem was whether ischaemia leads the release nucleotide from cardiac 
muscle, but the work proceeded other objectives entered the picture. The 
problem the changes the nucleotide content cardiac muscle during and 
after ischaemia has been studied direct methods similar those used previously 
and the indirect method comparing the electrocardiograpbic changes pro- 
duced coronary occlusion and the topical nucleotides and 
other substances the heart. 


METHODS, 


Experiments were carried out total 116 guinea-pigs, rabbits, cats 
and toads (Xenopus laevis). 

Experiments designed test directly the possible liberation nucleotide 
derivatives from the heart ischaemia were carried out the isolated heart 
the rabbit perfused 37° the usual way with oxygenated Krebs-Henseleit 
(1932) Ringer’s solution containing 0-1 per cent glucose. The perfusion pressure 


a 


was cm. perfusion fluid. The rate coronary flow was determined with 
modified Gaddum outflow recorder. some cases, however, this outflow was 
used perfuse guinea-pig’s heart the technique Bennet and Drury (1931), 
and the electrogram this guinea-pig’s heart was recorded with Sanborn Viso- 
Cardiette type electrocardiograph. Cardiac anoxaemia was produced 
occlusion branches the left coronary artery ligature clip. The 
standard period anoxaemia was hour when the experiment was terminated, 
the circulation through the unperfused part the heart restored removing 
the clip and perfusing for further minutes. some experiments coronary 
occlusion was continued for hours order control the changes found 
the muscle examined minutes after hour occlusion. Normal control muscle 
was obtained from hearts which had been perfused for hour without any inter- 
ference with the coronary flow. Samples the outflow from the rabbit’s heart 
were collected before, during and after coronary occlusion. Any enzymes which 
might present the sample were inactivated boiling, and the heat-precipi- 
tated protein removed filtration through Whatman No. filter-paper. 
These solutions were then analysed. Before taking the specimens ventricular 
muscle the anoxaemic area was outlined the injection 0-5 ml. per cent 
aqueous solution Berlin Blue into the perfusion cannula whilst the coronary 
occlusion was still present. the termination the experiment the unstained 
area the myocardium was rapidly excised, blotted and plunged into liquid 
air. The specimen was weighed and extracted with per cent trichloroacetic 
acid (10 ml. per wet weight), described Davies, Francis and Stoner (1947), 
and the extracts analysed. 

some experiments the effect autolysis the nucleotide content 
cardiac muscle was determined. For these experiments the heart was rapidly 
excised and portion the left ventricle blotted, immersed liquid air and 
then extracted above. The remainder the heart was moistened with Krebs- 
Henseleit Ringer’s solution and incubated 37° for hour, when the rest 
the left ventricle was treated the same way. 

The analytical methods used were follows: Phosphate (total, inorganic 
and minutes) Brigg’s method (Peters and Van Slyke, 1932), pentose (total 
and phosphorylated) modification Mejbaum’s (1939) method (Green, 
Bielschowsky and Stoner, 1947); and the adenosine equivalent the guinea- 
pig atrium method Drury, Lutwak-Mann and Solandt (1938) modified 
(Stoner and Green, 1944). Some the extracts were also examined with the 
Beckman spectro-photometer the U.V. range 230-300 mu. 

The indirect experiments consisted comparison the changes the form 
the electrocardiogram (ECG) produced cardiac ischaemia, and the 
topical application certain organic and inorganic compounds the heart. 
Guinea-pigs were mainly used, but occasion were rabbits, cats and toads. 
mammals were anaesthetized with nembutal. The trachea was cannulated 
and the animal artificially respired. The anterior part the wall with 
the lower part the sternum was removed after tying ligatures round the ribs 
and the internal mammary arteries. The pericardium was incised and the heart 
laid bare. the cat the arterial blood pressure was recorded the carotid 
artery with mercury manometer. The toads were pithed and the heart exposed 
similar manner. The ECG was recorded with Sanborn Viso-Cardiette 
type electrocardiograph through the three normal leads. The effect the test 
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substances the form the ECG when injected beneath the visceral layer 
the pericardium through fine needle was studied, and compared with the changes 
produced ligature branches the coronary arteries. The maximum 
volume fluid injected this way was ml. the guinea-pig, 0-15 ml. 
the cat, and 0-10 ml. the rabbit. The usual volume fluid injected the 
guinea-pig was ml. some instances the test substances were applied 
the surface the ventricles the filter-paper method Kisch, Nahum and 
Hoff size the filter-paper was roughly mm. square. 

The following nucleotides were used: the magnesium and sodium salts 
adenosine triphosphate (ATP), the sodium salts adenosine diphosphate (ADP), 
muscle adenylic acid (A5MP), inosine triphosphate (ITP) and cytidylic acid. 
Adenosine (British Drug Houses, Ltd.) was also used. The cytidylic acid 
was prepared from yeast nucleic acid, and the other compounds were prepared 
from BaATP (Boots). The purity these compounds was not less than per 
cent. Other organic compounds used were histamine acid phosphate, acetyl- 
choline and sodium lactate. The inorganic compounds used were 
Na,HPO, KCl, MgSO, and 

proved necessary determine the effect some these 
the coronary circulation the guinea-pig, and also determine the nucleotide 
content the guinea-pig heart. Similar techniques those described above 
for the rabbit were used. 


RESULTS. 
Perfusion experiments. 


The perfusion experiments were designed possibiilty that nucleotide 
its breakdown products are liberated from heart muscle damaged ischaemia. 
The nucleotide contents during and after period anoxaemia were compared 
with those the normal perfused heart, and the perfusates were examined for 
the presence nucleotide derivatives. Perfusion the heart itself decreased 
its nucleotide content. previously found that the left ventricular muscle 
the rabbit contains mg. adenosine per wet weight and 0-19 
0-05 mg. per wet weight immediately after its removal from 
the body (Davies al., 1947). The initial levels obtained the present experi- 
ments are Table III. The present observations show that the nucleotide 
content the myocardium immediately after its removal from the body 
distinctly higher than the end hour’s perfusion (Tables and III). This 
difference may explained part contamination the unperfused samples 
with blood elements. This may not wholly account for the difference, since 
previous results (Davies al., 1947) obtained hearts rapidly perfused free 
blood were still somewhat higher, especially regard their 
content, than those now obtained after perfusion for hour. was not 
expected that the perfused heart would completely normal structure, 
and considering the rather drastic nature the experiments the results obtained 
for the different fractions are reasonably constant. The phosphate fractions 
are particularly constant. certain amount nucleotide must, however, 
destroyed the setting and perfusion the heart, and these findings 
indicated the necessity comparing results hearts which had been perfused 
for the same length time. 


Adenosine, Pentose and Phosphate Contents the Normal Left 
Ventricular Muscle the Heart After Perfusion for hour. Values 
expressed mg. per wet weight. 


number. equivalent. Total 


Average 


Occlusion the left coronary artery produced further changes the nucleo- 
tide and phosphate fractions the myocardium the left ventricle. The values 
thus obtained the end 1-hour period occlusion are given Table IT, and 
should compared with those Table since the total perfusion time the same 
each case. This period anoxaemia, whilst producing outstanding changes 
the adenosine and total pentose contents, consistently decreased the proportion 
pentose the phosphorylated form. Similarly the case the phosphate 
fractions, whilst the amount total was unchanged, there was decrease 
the content with corresponding increase the inorganic 
content. These results represent breakdown fully phosphorylated nucleo- 
tide such ATP the lower members the series, without any loss the 
integral components the molecule. 


Adenosine, Pentose and Phosphate Contents the Left Ventricular 
Muscle the Heart Perfused for hour After Occlusion the Left 
Coronary Artery. Values expressed mg. per wet weight. 


Pentose. Percentage 


0-89 


Average 
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interesting compare these changes with those which occurred during 
similar period autolysis (Table III). Under these conditions the breakdown 
nucleotide was much more severe, and there was striking fall the minute 
level with associated increase the inorganic content. The most striking 
change the pentose content was the phosphorylated fraction, which all 
but one experiment was greatly reduced. This line with the phosphate 
changes. addition there was marked decrease the adenosine content, 
and this respect these results differ from those after coronary occlusion 
(Table II). the trend events was similar under the two conditions. 

perfusion was continued for further minutes with the artery occluded 
further alteration the level the various fractions occured, and the picture 
the end minutes’ anoxaemia was the same after occlusion for minutes. 
However, the circulation through the left ventricle was restored the end 
hour and perfusion continued for further minutes changes did occur. 
obvious improvement the heart beat occurred immediately after the removal 
the occlusion, and this was some extent reflected the biochemical findings 
(Table IV). The total content the myocardium remained unaltered, but 
the minute level increased with slight fall the inorganic content. 
Corresponding the rise level greater proportion the 
pentose was the phosphorylated form, but lower values were obtained for the 
total pentose and adenosine contents. These results possibly indicate that some 
resynthesis nucleotide occurs restoration the circulation. 


TaBLE IV.—The Adenosine, Pentose and Phosphate Contents the Left Ventri- 
cular Muscle the Rabbit Sampled after Perfusion for minutes. During 
the first minutes the perfusion the left coronary artery was occluded. 
Values expressed mg. per wet weight. 


number. Total. lated. Total. Inorg. min. 


The constancy the total content the myocardium both during and after 
the period anoxaemia gives support for the idea that nucleotide components 
are liberated from the myocardium under these circumstances. This was sup- 
ported chemical and spectrophotometric observations the perfusate during 
and after the period occlusion. Normally the perfusate does not contain any 
nucleotide its derivatives capable detection these methods, nor did any 
appear the result ischaemia. The only change detected the perfusate 
under these conditions was increase the heat-precipitated protein. Any 
rapid liberation nucleotide would probably revealed these methods, 
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since, where mg. NaATP was injected into the anoxaemic myocardium, 
nucleotide was readily detected the perfusate during the following minutes. 

The absence any alteration the perfusate was confirmed biologically 
both when the perfusate was tested the guinea-pig atrium preparation and 
when was passed directly through second heart (guinea-pig). The guinea-pig 
atrium preparation will detect little adenosine, and control double 
perfusion experiments showed that the addition the funnel below the 
rabbit’s heart gave definite prolongation the interval the guinea-pig’s 
heart, that these methods are sufficiently sensitive show the presence 
significant amounts adenyl compounds. 


II. Electrocardiographic experiments. 


Cardiac ischaemia both man and associated with well-recognized 
changes the ECG, one the more important which displacement the 
segment. The exact interpretation these changes not known, but 
agreed that deviation this segment associated with the presence ischaemic 
cardiac muscle rather than with the presence necrotic dead muscle its 
fibrous tissue replacement (Katz, 1946). displacement thought arise 
from depolarization part the surface the heart with the setting 
current injury (Katz, 1947), but biochemical explanation has been offered 
for these electrical changes. 

previous work the effect ATP the ECG, displacement the 
segment was occasionally seen after its intravenous injection man and animals 
(Wayne, Goodwin and Stoner, 1948). This was rather surprising, ATP 
coronary vasodilator. therefore postulated that this displacement might 
due direct action ATP and other nucleotides the myocardium. The 
effect applying these substances directly the heart muscle was accordingly 
studied. Under these conditions much more striking changes occurred the 
segment. The majority these experiments were performed the guinea- 
pig, and the results refer that animal unless otherwise stated. Table gives 
summary the main results. 


Topical application adenyl compounds. 


The and salts ATP were injected into the superficial layers the 
myocardium just beneath the visceral layer the pericardium the area 
the left ventricle shown Fig. doses varying from mg. The 
minimal effective dose was 0-2 mg., and the standard dose was mg. (0-02 ml. 
solution). 

Within few seconds the injection the ventricular contractions became 
infrequent and abnormal, with long periods ventricular asystole which led 
dilatation the right side the heart. The period major disturbance the 
ventricular rhythm lasted from seconds, according the dose ATP, 
the end which the contractions became more frequent and regular rhythm 
was restored. With the return regular rhythm the engorgement the right 
side disappeared. records showed that during the periods ventricular 
asystole atrial contractions continued, although somewhat slower rate. The 
first irregular ventricular contractions were due ventricular extrasystoles, 
often giving bizarre QRS complexes. Normal rhythm returned through short 
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period heart block with delayed conduction. Intraventricular block was 
seen the early irregular beats and during the early stages the period heart 
block, but not after the return regular rhythm. Although regular rhythm 
was soon restored the ECG did not once return its normal form, and the 
changes its shape, described detail the next paragraph, persisted 


Injections 
into 
this area 


diagram the guinea-pig’s heart show the usual sites injection and 
coronary occlusion. 


2.—Effect the injection adenosine triphosphate into the surface the left ventricle 
the ECG the guinea-pig under nembutal anaesthesia. 
Guinea-pig 25/48 before 
after the topical injection 0-4 mg. MgATP 0-02 ml. 
after the topical injection 0-4 mg. MgATP 0-02 ml. 


for 3-5 minutes, after which the ECG record appeared normal both rhythm 
and form. Several injections could usually given the same animal before 
irrecoverable changes were produced, although the guinea-pigs receiving 
ATP death, with congestive cardiac failure, occurred after the first injection. 


ligature 


The most striking change the shape the ECG after the topical application 
ATP was displacement the segment (Fig. 2). This effect was very 
constant, and was seen all but one guinea-pigs. did not occur imme- 
diately after the injection, but became most evident when normal ventricular 
rhythm returned, and persisted for minutes, when outward appearances 
normal ventricular contractions were occurring. The degree displacement 
the segment was variable, but the majority cases was gross. The only 
condition for its appearance was that the ATP solution should direct contact 
with the surface the heart.. Injections given deeply into the myocardium 
had little effect the form the ECG. Although the injections were always 
given into approximately the same area the heart, the direction the 
displacement varied. some animals was elevated Lead depressed 
Lead with little change Lead II; others was displaced the same 
direction all three leads, whilst others only one lead was affected. Nor did 
the deviation always remain the same direction after single application 
ATP. 


Fic. 3.—Shows the accentuation the wave which often seen after the topical application 
nucleotide. 
Guinea-pig 83/48. Upper record before, lower record after the topical injection 0-6 


mg. MgATP 0-03 ml. Lead 
-pig 61/48. Upper record before, lower record after the topical injection 0-6 


mg. NaATP ml. Lead 


Less importance was attached the other changes which occurred the shape 
the ECG. Notable amongst these was accentuation the wave (Fig. 3). 
occasion this was great that the wave began and finished below the 
isoelectric level. Variable changes occurred the wave. many experi- 
ments was unchanged, whilst others was enlarged and sometimes reversed. 
was not always the same direction the displaced segment. 

These results refer experiments which ATP was injected into the surface 
layers the left venticle. Similar injections into the right ventricle were tech- 
nically difficult, but successful experiments similar displacement the 
segment was observed (Fig. 4). The topical application ATP the filter- 
paper method Kisch, Nahum and Hoff (1940) also gave displacement the 
segment (Fig. 5), but when ATP. was given this way there was inter- 
ference with conduction. all these experiments the and salts 
ATP were equally effective. 
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Species other than the guinea-pig were tested. The injection MgATP into 
the surface layers the left ventricular muscle the mg. 
ml. solution) and cat ml. solution) produced 


Fic. the injection adenosine triphosphate into the surface the right ventricle 
the ECG the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection 0-2 mg. MgATP 0-01 ml. 


5.—Effect the topical application adenosine triphosphate the surface the left 
ventricle the filter-paper technique the ECG the guinea-pig under nembutal anaes- 
thesia. 


before 
mg. per ml. 


similar changes the segment (Big. 6). Here, although slight cardiac slowing 
occurred after the injection, there was heart block ventricular asystole. 
recording the blood pressure the cat showed that the topical 
application ATP was accompanied fall pressure, but the changes 
the segment bore relation this fall. Nor did changes the same extent 
occur when ATP was given intravenously doses that caused equal fall 
blood pressure. 

Both the injection ATP into the heart wall the toad and its successive 
application the filter-paper technique produced displacement the segment 


(Fig. 7). These changes were slow appear and slow disappear and, view 
some results described later, are difficult interpret. 


Fic. 6.—Effect the injection adenosine triphosphate into the surface the left ventricle 
the ECG the cat under nembutal anaesthesia. 


before 
after the topical injection 3-0 mg. MgATP 0-15 ml. 


rf 


Fic. 7.—Effect the injection adenosine triphosphate into the ventricular wall the 
ECG the pithed toad. Lead 


Lower record after the topical injection 0-6 mg. MgATP 0-03 ml. 


The effect various substances given intravenously the changes produced. 
topical application ATP were also observed. The most important these 
view its great significance nucleotide metabolism was magnesium. When 
MgSO, (6-15 ml. solution per kg. body weight) was injected 

sinus bradycardia and accentuation the waves, which were 


= 
~ (pif 
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sometimes inverted. Intraventricular block occurred when the doses were given 
rapidly. When given doses ml. per kg. body weight was found that 
whilst prolonged the disturbance rhythm after topical ATP, decreased 
and usually prevented the appearance the changes the segment (Fig. 8). 

Intravenous atropine sulphate mg. per kg. body weight) had effect 
the segment changes after topical ATP. Theophylline ethylene diamine 
doses mg. per kg. body weight was given intravenously control 


Fic. 8.—Effect the intravenous administration MgSO, the response the topical 
injection adenosine triphosphate. 


Guinea-pig 57/48. Lead III. 
before 
after the topical injection mg. MgATP 0-04 ml. 


after the intravenous administration 7-4 ml. MgSO, per kg. body weight. 
after the topical injection 0-8 mg. MgATP 0-04 ml. 


Fic. 9.—Effect the injection adenosine diphosphate into the surface the left ventricle 
the ECG the guinea-pig under nembutal anaesthesia. 


before; 
after the topical injection mg. NaADP 0-03 ml. 


the effect the coronary vasodilator properties MgSO,. After the coronary 
vessels had been widely dilated this drug, ATP still produced the same altera- 
tion the segment, although the period irregular rhythm was reduced. 
The topical application ADP the guinea-pig heart had exactly the same 
effect ATP, both the rhythm and the form the ECG, which the dis- 
placement the segment (Fig. was just obvious. ADP was slightly 
less active than ATP, that dose 0-6 mg. NaADP gave effect equivalent 
that after 0-4 mg. NaATP. Intravenous MgSO, prevented the appearance 
the displacement after topical ADP, the case ATP. The removal 
another phosphate group from the nucleotide molecule resulted further 


. 


loss activity, for although A5MP, when injected equimolecular amounts, 
would reproduce the disturbance conduction seen after ATP, had 
effect the segment. Much larger doses (0-8 mg.) were required produce 
slight displacement the segment, and the only constant change after topical 
A5MP was accentuation the wave (Fig. 10). Adenosine, doses 0-5 
mg., had the same effect the higher members the series the conducting 
system, but did not alter the shape the ECG. The deaminated compound, 
ITP, doses 0-9 mg., did not affect either the cardiac rhythm the form 
the ECG. 

order exclude the possibility that these effects the nucleotides were 
secondary coronary vasoconstriction the guinea-pig, confirmed per- 
fusion experiments that these nucleotides had, was expected, dilator effect. 


Fic. 10.—Effect the injection muscle adenylic acid into the surface the left ventricle 
the ECG the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection 0-6 mg. NaA5MP 0-03 ml. (Dose terms free 
acid). 


Topical application other organic compounds. 


The effect the topical application the heart several other compounds: 
which might possibly concerned the reactions ischaemic tissue was also. 
studied. 

The pyrimidine nucleotide, cytidylic acid, known present cardiac 
muscle (Drury, 1932), was tested doses mg., but had effect the 
form rate the ECG. Negative results were also obtained with injections. 
lactate were, however, interest, because intense coronary vasodilatation 
followed the topical application this compound. 

The effect histamine was observed because, since the work Lewis (1927), 
its possible release damaged tissue has always remained possibility. 
Barsoum and Talaat (1936) claimed have demonstrated the liberation 
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mine from the cardiac muscle the dog during anoxaemia, but this claim could 
not substantiated Code, Evans and Gregory (1938). 

Histamine acid phosphate, doses 20-40 produced very definite 
alteration the form the ECG (Fig. 11). These changes, deviation the 


Fic. 11.—Effect the injection histamine into the surface the left ventricle the 
ECG the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection histamine acid phosphate 0-01 


12.—Effect the injection acetylcholine into the surface the left ventricle the 
ECG the guinea-pig under nembutal anaesthesia. Lead III 


Upper record before 
Lower record after the topical injection acetylcholine hydrochloride 
0-01 


segment and accentuation the wave, appeared about seconds after the 

injection, and closely resembled the changes produced nucleotide. Similar 

changes have been observed Koenigsfeld and Oppenheimer (1922) during 

anaphylactic shock the guinea-pig. found that the local effect histamine 


beet 
; 


the form the ECG could prevented the previous intravenous injection 
pyranisamine maleate doses mg. per kg. body 
weight. very probable that the effect histamine the ECG secondary 
the coronary vasoconstriction which produces the guinea-pig (Gaddum, 
1936). confirmed this action the perfused guinea-pig heart, and found 
that could antagonized pyranisamine maleate. 

The effect acetylcholine the heart bears certain superficial resemblances 
that the adenyl compounds. However, when acetylcholine was injected 
into the surface the heart doses 10-60 yg. the results were very variable. 
The smallest effective dose was but some-animals even had 
effect. effective dose produced displacement the segment (Hig. 12), 
which was frequently preceded short period heart block. This latter was 
very variable, and the gross disturbance ventricular rhythm seen after the topical 
injection ATP was never reproduced acetylcholine. Moreover atropine 
sulphate mg. per kg. body weight intravenously) prevented the appear- 
ance both heart block and deviation after the topical application pre- 
viously effective dose acetylcholine. Intravenous doses prostigmine 
(0-077-1-54 mg. per kg. body weight) had the opposite effect, increasing both 
the period heart block and the displacement the segment after topical 
acetylcholine. 


Topical application inorganic compounds. 


Many experiments were also performed which solutions inorganic salts 
were injected into the superficial layers the myocardium. variety reasons 
determined the choice compound. Solutions NaCl were used control 
the effect due the presence merely volume fluid the myocardium, 
and also determine the permissible limits variation tonicity 
fluids. KCl was given because has been shown Dennis and Moore (1938) 
that ischaemia leads the liberation from cardiac muscle. CaCl, and 
MgSO, solutions were used, these cations are cell constituents which may 
concerned the local response injury. Na,P,0, and Na,HPO, solutions 
were used investigate the possible role the phosphate fraction the nucleo- 
tide molecule the ATP response. 

Sodium testing the influence the volume the solution, 
0-154 NaCl was injected into the superficial layers the guinea-pig ventricle 
doses 0-10 ml., the maximum volume fluid used that species. There 
was change the segment. Similar injections 0-03 ml. NaClin 
the toad, however, were not without effect, and produced deviation the 
segment similar way ATP. Possible reasons for this will considered 
later. The application NaCl solutions appropriate molarity the filter- 
paper technique was without effect both the toad and the guinea-pig. 

Whilst all the compounds were given, far possible, iso-osmotic solutions, 
this could not always done accurately. was therefore essential determine 
the range tonicity which solutions could applied the without 
altering the level the segment. constant volume (0-03 ml.) NaCl 
solution molarity varying between 0-616 and was used. solutions 
the range had effect the segment, but solutions greater 
(0-616 less tonicity caused displacement. The displacement 
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observed was never great that seen many experiments with ATP and K*. 

Potassium great deal known the action the form 
the ECG. KCl displaces the segment both topical and intravenous 
administration (Wiggers, 1929; Winkler, Hoff and Smith 1938), and Rothschuh 
(1939), who investigated the topical action fresh extracts cardiac and 
voluntary muscle, attributed the alterations observed the segment 
the presence his extracts. Recently this action has been 
studied detail the development the view that electrical changes the 
surface the heart are important determining the final form the ECG 
(Kisch, 1940a, Kisch, Nahum and Hoff, 1940), and attempts interpret 
normal and abnormal tracings (Hoff and Nahum, 1940 Hoff, Nahum and Kisch, 
1941; Nahum, Hoff and Kisch, 1941; Nahum, Hamilton and Hoff, 1942; 
Robb, Dooley and Robb, 1942). 


Fie. 13.—Effect the injection KCl into the surface the left ventricle the ECG 
the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection 0-03 ml. 


also found that the topical application either the two methods 
produced striking displacement the segment (Fig. 13). The smallest 
effective dose was 0-02 ml. KCl, provided that was injected into the 
superficial layers the myocardium. When the KCl solution was injected 
deeply into the muscle little change the ECG was observed, confirming the work 
Kisch, Nahum and Hoff KCl injection produced change 
ventricular rate, and the alteration occurred immediately. With injections 
into the area shown Fig. the nature the change was much more constant 
type than after similar injections ATP. the guinea-pigs used the 
segment was always elevated Lead and either depressed elevated Lead ITI. 
Potentiation the wave was not seen. The wave was always the same 
direction the displaced segment, all which gave much more uniform 
curves than after ATP. 


Atropine sulphate mg. per kg. body weight intravenously) had 
effect the response, nor did 0-154 MgSO, (4-10 ml. per kg. body weight 
intravenously). 

Calcium (1940a) has shown that the topical application 
CaCl, also produces displacement the segment, and this was confirmed 


Fic. the injection CaCl, into the surface the left ventricle the ECG 
the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection 0-04 ml. 0-10 


Fic. the injection into the surface the left ventricle the ECG 
the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection 0-03 ml. 0-1 neutral 


experiments which 0-04 ml. 0-10 CaCl, was injected (Fig. 14). The type 
change closely resembled that produced KCl, except that CaCl, did not 
appear active. The intravenous injection MgSO, (5-7 ml. 
per kg. body weight) had effect the response. 


Magnesium agreement with Kisch, Nahum and Hoff (1940), 


=~ 
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was found that the topical injection ml. MgSO, had 
effect the level the segment. 

Sodium was injected neutral 0-1 solu- 
tion amounts equivalent content effective doses ATP change 
was observed the segment. However, increasing the dose produced dis- 
placement the segment (Fig. 15). The smallest dose giving constant 
effect was 0-03 ml. (0-522 mg. which corresponds 1-7 mg. NaATP. The 
picture produced was similar that seen after ATP, but there was course 
change heart rate. interpreting these results one should appreciate that 
constricts the coronary vessels the guinea-pig. 

Intravenous MgSO, doses ml. MgSO, per kg. body 
weight did not affect the response, but with larger doses 13-5 ml. small 
reduction the response did occur. 

Sodium Na,HPO, was injected into the superficial layers 
the myocardium constant effects were not obtained until 0-1 ml. neutral 


Fic. 16.—Effect the injection Na,HPO, into the surface the left ventricle the ECG 
the guinea-pig under nembutal anaesthesia. 


before 
after the topical injection 0-1 ml. neutral 


0:10 solution was reached. With this dose alterations the segment 
occurred (Fig. 16). The amount phosphate contained this dose equals 
the amount which would liberated the decomposition mg. ATP 
A5MP. The effect was still present after the intravenous injection ml. 
MgSO, per kg. body weight. 


Acute coronary occlusion. 


The ECG changes after ligature the coronary vessels the left 
ventricle the site shown Fig. were studied guinea-pigs. Fairly 
constant alterations were found (Fig. 17), the most important being Lead ITI, 
where the segment was depressed all except one animal. The segment 
was usually depressed Lead and elevated The wave was slightly 
accentuated animals, and the wave was always the same direction the 
main deviation. The changes produced ligature are therefore the same 
order those produced the injection active compounds the area supplied 
the artery. 
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17.—Effect coronary occlusion the ECG the guinea-pig under nembutal anaes- 
ligature branch left coronary artery the site 
shown Fig. 


This record should compared with Fig. the coronary artery was ligated after 
the animal had recovered from the effects the topical injection ATP shown that 


figure. 


Fic. 18.—Effect the intravenous administration MgSO, the ECG changes after 
ligature branch the left coronary artery the guinea-pig under nembutal anaesthesia. 
before 
after ligature branch the left coronary arter 
same after the intravenous injection ml. per kg. body weight. 
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Having demonstrated this similarity were chiefly interested determining 
the effect these changes the various substances which had been found 
affect the response the topical application the different compounds. 

Atropine sulphate mg. per kg. body weight intravenously) had 
effect the response ligature, nor did prostigmine (<0-1 mg. per kg. body 
weight intravenously). Pyranisamine maleate mg. per kg. body weight) 
also had effect. The inability these compounds alter the ECG changes 
acute coronary occlusion was independent whether they were given before 
after ligature the vessel. 

great contrast, intravenous MgSO, had very definite effect the ECG 
changes coronary occlusion. When given doses 5-13 ml. 
solution after ligature the coronary vessels, its effect was restore the 
segment the isoelectric level either completely partially, depending the 
degree the initial deviation (Fig. 18). coronary vasodilator, and 
order eliminate this possible explanation for the effect the action 
theophylline ethylene diamine was also investigated. doses mg. per 
kg. body weight intravenously this drug produced gross coronary vasodilatation, 
but had significant effect the displacement the segment produced 
ligature the vessels the ECG change after ischaemia were slight, reversal 
the wave was observed, described Bayley, Due and York (1944), 
but that was the only effect observed. the various substances tested, therefore, 
MgSO, was the only one capable reducing the current injury produced 
cardiac ischaemia. Since this cannot accounted for such non-specific 
effects vasodilatation, may the nature specific interference. 


Effect Potential Difference across Isolated Muscle.* 


Experiments were undertaken determine directly the effects ATP, 
A5MP, pyrophosphate, orthophosphate and adenosine the potential difference 
(p.d.) across isolated membranes voluntary muscle (rat diaphragm) and heart 
muscle (guinea-pig atrium). 

The apparatus and technique used were similar those described Crane, 
Davies and Longmuir (1948). Sheets rat diaphragm guinea-pig atrium 
were mounted perspex holders and placed between two glass chambers which 
were both filled with Krebs-Henseleit Ringer’s solution containing 0-2 per cent 
glucose. The temperature was 38°C. The p.d. was measured sensitive 
galvanometer high resistance circuit means saturated calomel electrodes 
connected the two chambers saturated KCl bridges. The electrical resis- 
tance the membrane was found passing electric current (of mA./ 
through and measuring the drop. allowance was made for the 
resistance the saline medium. 

The results are given Table VI. Since changes hydrostatic pressure 
few cm. water either side the membrane could produce p.d. about 
mV. care was taken keep constant the liquid levels both chambers the 
apparatus. 

The electrical resistance sheets diaphragm was from Q-cm? 
average 11, and guinea-pig atrium was 112 and 
133 case did significant changes the resistance the tissues 
occur after the addition the above substances. 


These experiments were carried out collaboration with Mr. Davies. 


5 


Changes Produced Applying ATP, A5MP, Adenosine and 
Pyrophosphate and Phosphate Ions Neutral Isotonic Solutions One Side 
Membrane Rat Diaphragm Guinea-pig Atrium. all cases there 
was natural p.d. and the changes made the side contact with the ATP, 
etc., negative the unaltered side external circuit. The p.d. 
0-0 when equal volumes NaCl were added the medium. 
Readings accurate 0-1 mV. 

Membrane. Addition. Concentration (M). 


Rat diaphragm ATP 2-5 

Phosphate 

Phosphate 

Adenosine 

Adenosine 

ATP 

Phosphate 

Guinea-pig atrium Adenosine 10-3 

ATP 10-3 

ATP 10-3 


Potential difference 
produced (mV.). 


The estimations p.d. showed that phosphate ions given the inorganic 
form the form the nucleotide can produce changes p.d. the order 
voluntary cardiac muscle. Adenosine was without effect. This supports 
the view put forward above explanation the effects nucleotides, applied 
topically the heart, the level the segment. 

The effect nucleotide and the inorganic ions the level the segment 
appears due specific effect the electrical properties the cardiac 
muscle. The inorganic ions are thought alter the distribution the charges 
about the cell membrane and establishing potential difference. the case 
the adenine nucleotides reasoned that this occurs result the liberation 
phosphate groups its enzymic decomposition. known inhibit 
the dephosphorylation these compounds and MgSO, administration prevents 
the effect the nucleotides whilst leaving that the inorganic ions unchanged. 
These results show that the application ATP and phosphates but not adenosine 
one surface muscle sheet gives rise potential difference across the 
muscle. 

The effect coronary occlusion the level the segment unaltered 
the administration atropine, prostigmine and pyranisamine maleate, but 
MgSO, restores the segment the isoelectric level. This suggests that the free 
phosphate groups formed the anoxaemic breakdown nucleotide play part 
the production the abnormal ECG coronary occlusion. 


1-1 
0-0 
0-0 
0-45 
0:0 
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DISCUSSION. 


The results these experiments bear both the chemical and electrical 
changes which occur ischaemic cardiac muscle. The chemical determinations 
show that after occlusion coronary artery the nucleotide content the muscle 
supplied that vessel falls. This due the dephosphorylation the ATP 
initially present. This agreement with the results Burns and Cruickshank 
(1937), and Chang (1938), who studied the distribution phosphate the 
heart after alterations the content the perfusion fluid. Dephosphory- 
lation ATP under anoxaemic conditions expected, and corresponds 
closely that which occurs when the heart muscle allowed autolyse 
for the same period time. The actual degree dephosphorylation 
which occurs these two conditions probably greater than that shown the 
results because, owing insufficient material, were unable correct the 
minute figure for the percentage the minute value liberated 
the shorter hydrolysis. However, the changes nucleotide these two con- 
ditions are not entirely similar, for during autolysis deamination the nucleotide 
molecule also occurs. Deamination does not occur this extent when one 
coronary artery occluded. improbable that the occlusion one coronary 
artery will render the muscle its area supply completely ischaemic. Although 
insufficient dye enters cause visible staining, small trickle perfusing fluid 
probably passes through this muscle from the collateral circulation provided 
the other artery. The small amount which reaches the muscle this 
probably sufficient prevent deamination, Macfarlane and Spooner 
(1946) have shown voluntary muscle that extreme conditions anoxia, such 
occur autolysis, are required before deamination nucleotide occurs. 
Despite these changes during the 1-hour period anoxaemia there evidence 
that either nucleotide, its breakdown products, leave the muscle during this 
time. The which ATP was injected within the ischaemic area 
showed that any nucleotide did become extracellular under these conditions 
would possible for leave the heart. 

With the restoration the circulation some rejuvenation the degraded 
nucleotide occurs and the ATP content the muscle increases. The significance 
the low adenosine and total pentose values this time obscure, but with the 
absence any change total together with evidence adenosine the 
perfusate, liberation nucleotide from the heart during the first minutes after 
period anoxaemia would not appear occur. This does not mean 
that anoxaemia cannot lead the liberation nucleotide and/or its breakdown 
from cardiac muscle, but simply that such effect occurs under our 
experimental conditions. other experiments voluntary muscle, where 
evidence favour nucleotide release was obtained, the period ischaemia 
was much longer hours), and the state the muscle after restoration the 
circulation was followed for much longer time. Comparable experiments 
the heart, similar temperature ranges, will necessary before the possibility 
can excluded. Furthermore, although adenyl compounds not appear 
liberated into the extracellular spaces short periods anoxaemia, they may 
still participate the electrical changes resulting from that injury. 

The topical application the heart ATP and certain other substances 
has remarkable effect causing displacement the segment, and repro- 
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ducing quite closely the most important ECG change acute coronary occlusion. 
This resemblance not only confined the form the ECG both cases 
the heart surface that must affected before any ECG change produced. 
the other hand, the correlation between the site the injection and the 
direction the changes the three leads not constant after the 
ligature branches the coronary arteries. This was also noted Korey 
and Katz (1934) chemical injuries the myocardium, and 
probably due greater surface area being involved after coronary occlusion. 

The ECG changes may due the specific action the active compounds 
the electrical properties cardiac muscle, non-specific indirect 
mechanism such coronary vasoconstriction. The effect histamine and 
acetylcholine fact most probably due their constrictor action the 
coronary vessels the guinea-pig. Many the active compounds, however, 
either dilate have action upon the coronary vessels, but there are other 
non-specific ways which the effect might produced. 

The possibility that distension the myocardium the volume fluid 
injected responsible for the effect was excluded finding response after 
injecting equal volumes isotonic NaCl. The compounds are also active when 
applied the filter-paper technique where this possibility does not arise. 
the toad the injection isotonic NaCl did displace the segment, but the 
structure the heart wall this species different from that the mammal 
that the two experiments are not comparable. Moreover isotonic saline applied 
the toad the filter-paper technique has effect. 

Most the substances were applied isotonic solutions, but the possible 
effect small variations the tonicity some solutions was excluded showing 
that quite wide range variation was permissible. 

The topical application nucleotide lowers the blood pressure and alters 
both the rate and shape the heart. All them can, factors the ECG 
changes, however, excluded. have seen the cat that there relation- 
ship between the fall the blood pressure and the displacement the segment. 
Equimolecular amounts adenosine give the same changes heart rate 
ATP when injected the guinea-pig, yet adenosine does not alter the level 
the segment. the cat and rabbit ATP produces very little change heart 
rate, yet the segment displaced. Nor major changes heart rate occur 
after the application ATP the filter-paper method, though this satis- 
factory method for inducing ECG changes. The fact that displacement the 
segment can produced the toad heart shows that not dependent upon 
the presence conducting system. The changed shape the heart secondary 
the changed heart rate, and furthermore, Buchbinder and Katz (1934) have 
shown direct experiment that change this type does not itself cause 
any alteration the segment. 

The above arguments concern the exclusion non-specific factors the 
response nucleotide particular. Similar arguments may used connec- 
tion with the mechanism action the inorganicions. would seem, therefore, 
that the changes the segment produced adenine nucleotide and certain 
inorganic ions are due specific effect the electrical properties the cardiac 
muscle. 

have found that the direct effect adenine nucleotide cardiac muscle 
related the liberation the phosphate group (Green and Stoner, 1949). 


= 
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The significance the finding that the change the segment can positively 
correlated with the phosphate content the nucleotide, that A5MP less 
active than ADP, which, turn, less active than ATP, becomes apparent. 
Moreover the effect can reproduced inorganic pyro- and orthophosphate. 
Admittedly the amounts inorganic phosphate used are greater than the equi- 
molecular requirements, but this might expected the basis that the organic 
phosphates will biologically more acceptable. The hypothesis proposed for 
the mode action adenine nucleotides altering the ECG 
After topical application enzymic dephosphorylation occurs with the liberation 
phosphate groups. These phosphate groups alter the distribution the 
charges about the cell membrane, producing current injury which alters 
the level the segment. Support for this theory found two pieces 
evidence. known that inhibits the dephosphorylation ATP 
tissues vitro (Banga and 1943 Stoner and Green, 
and have also found that inhibits the direct action ATP the 
contraction cardiac muscle. Therefore, our finding that administration 
prevents the appearance the changes the segment after the topical 
application nucleotide supports the view that these changes are due the 
liberation phosphate groups. This action cannot accounted for 
its non-specific effects the heart, i.e. coronary vasodilatation and brady- 
cardia. Doses theophylline ethylene diamine which cause gross coronary 
vasodilatation have effect the changes after topical 
venous MgSO, does not affect the response inorganic ions (e.g. The 
absence any significant interference the response inorganic 
phosphate also supports the view that nucleotide acts through the liberation 
phosphate groups, and that this process inhibited 

Favourable evidence more direct nature has also been obtained from 
the experiments showing that the application adenine nucleotide one 
surface sheet muscle (voluntary cardiac) leads the development 
potential difference across the muscle about the order magnitude antici- 
pated from the ECG experiments. This effect nucleotide could reproduced 
pyro- and orthophosphate, but adenosine was without effect. These results 
fit very well with our hypothesis for the action adenine nucleotide 
level the segment. 

With regard the activity the other inorganic ions such and 
reasonable suppose that they may act similar way altering the 
balance the charges about the cell membrane. 

The ultimate and practical question whether all these findings throw any 
light the mechanism the ECG changes acute coronary occlusion. 
placement the segment produced four substances which might 
involved the response muscle ischaemia, namely nucleotide, histamine, 
acetylcholine and the case histamine and acetylcholine the amounts 
required produce the effect are probably larger than those which could 
involved the ischaemic response. But more important, their effects are 
antagonized the intravenous administration pyranisamine maleate and 
atropine respectively, and these drugs have effect the changes the 
segment after coronary occlusion. the other hand, the amounts nucleotide 
and which are required approximate those which might involved 
the damaged muscle. this point that the action becomes impor- 
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tant, for MgSO, administration prevents the changes the segment after the 
topical application nucleotide but not K*. MgSO, administration also 
restores the displaced segment after coronary occlusion more normal 
position, and this not due non-specific coronary vasodilatation, since theo- 
phylline ethylene diamine has not the same effect. The action therefore 
suggests that either these substances plays any part the production the 
ECG changes coronary occlusion the nucleotide and not The idea 
that the displacement the segment acute coronary ischaemia produced 
this way Indeed Burge, Orth, Neild, Krouse and Wickwire 
(1936) have suggested, somewhat inadequate evidence, that phosphate groups 
may concerned the current injury frog muscle, and more recently 
Nachmansohn, Cox, Coates and Machado (1943) have suggested that the action 
potentials the electric organ may related reactions involving phospho- 
creatine and ATP. Cardiac ischaemia associated with the rupture high 
energy phosphate bonds and the liberation phosphate groups amounts 
which are probably sufficient account for the effect. The fact that this case 
the phosphate groups are intracellular whereas experiments the topical 
application ATP they are extracellular probably not important, since 
both cases the phosphate groups could alter the balance the charges about 
the cell membrane and produce the effect the segment. Whilst our results 
make probable that the ultimate explanation the changes the segment 
cardiac ischaemia will along these lines, final proof the theory may well 
difficult obtain. 


SUMMARY. 


The effect occlusion the left coronary artery the distribution nucleo- 
tide and phosphate the myocardium the left ventricle has been examined 
the perfused rabbit heart. 

During period occlusion the fully phosphorylated nucleotide tends 
break down the lower members the series without any loss the com- 
ponent parts the nucleotide molecule from the muscle. These changes are 
similar those which take place during period autolysis 
except that under the latter conditions deamination the adenosine occurs. 
This thought imply that the degree anoxia very much greater during 
autolysis than after occlusion the coronary artery. 

restoration the circulation some rejuvenation the degraded nucleotide 
occurs, and the end minutes the minute level and the percentage 
pentose the phosphorylated form greater than the end the period 
anoxaemia. Again, there evidence for the release any nucleotide 
its breakdown products during this period. 

The changes the nucleotide which occur under our experimental conditions 
appear take place within the muscle cells. There evidence that either 
fully formed nucleotide, its breakdown products, passes into the extracellular 
spaces result trauma this type and duration. Nucleotide, experimentally 
injected into the extracellular space, does fact pass into the perfusate. 

The topical application certain substances the heart causes displacement 
the segment similar that produced coronary occlusion. 

The following substances give this effect some ATP, ADP, A5MP, 
acetylcholine, histamine, Na,HPO,, Na,P,0,, and The following 
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are Adenosine, ITP, cytidylic acid, lactate, These 
results refer the guinea-pig. ATP has been found active the cat, 
rabbit and toad. 

The ECG effects acetylcholine are antagonized atropine and accentuated 
prostigmine. The ECG effects histamine are antagonized pyranisamine 
maleate. The ECG effects these substances are probably non-specific and 
secondary their action the coronary circulation the guinea-pig. 

The effect coronary occlusion the level the segment unaltered 
atropine, prostigmine pyranisamine maleate, but restores the segment 
the isoelectric level. 

antagonizes the effects the segment ATP and ADP, probably 
inhibiting their dephosphorylation. The effects and Na,HPO, 
are unaltered, and that only slightly reduced. 

The application adenine nucleotide one surface sheet muscle 
(voluntary cardiac) produces potential difference across the muscle 
order magnitude which could account for the ECG changes. similar effect 
obtained with inorganic pyro- and orthophosphate, but not with adenosine. 

the basis these and other findings discussed the text, the following 
hypothesis proposed. The displacement the segment following coronary 
occlusion due the liberation free phosphate groups formed the anoxaemic 
breakdown nucleotide. The alteration the balance charges about 
cell membrane thus produced, displaces the segment from the isoelectric 
level. 


are deeply indebted Mr. Davies for collaborating the work 
the potential differences across isolated muscle. 

Our thanks are due Prof. Wayne for his advice, Mr. Hughes 
for his assistance with the spectrophotometry, and Messrs. May Baker, Ltd., 
for gift pyranisamine maleate 

The expenses this work were defrayed the Medical Research Council, 
and two (H.B.S. and C.J.T.) are receipt whole-time personal grants 
from this source. 
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STREPTOMYCIN has been found effective protecting guinea-pigs 
against diphtheriae infections (Hewitt, 1948a), and the present investigation 
continuation the search for agents capable ridding healthy carriers 
and convalescent fever patients diphtheriae. The lethal effect 
diphtheriae has been traced toxin formation (Hewitt, and antitoxin 
protects animals against living cultures virtue its toxin-neutralizing action, 
but does not affect bacterial viability. The antibacterial sera investigated 
(Hewitt, 1947a, also fail prevent multiplication diphtheriae. appears 
necessary, therefore, search for antibiotics and chemotherapeutic agents 
effective against diphtheriae. 

This communication deals principally with the diamidines described Wien, 
Harrison and Freeman (1948), and the development bacterial resistance, 
but some attention devoted the sulphonamide drugs and antimalarial agents. 


EXPERIMENTAL. 


Material and methods. 


The source and character the strains diphtheriae used and the general 
procedures have been described previous papers. 


Sulphonamide drugs. 


Sulphadiazine, sulphaguanidine and sulphamerazine all failed inhibit the 
growth diphtheriae the highest concentration tested (100 per ml.), 
and sulphathiazole appeared have slight bacteriostatic effect concen- 
tration per ml. view this low degree activity the sulphonamide 
drugs seem excluded from consideration for diphtheria treatment. 


Paludrine had some bacteriostatic effect diphtheriae broth 
concentration per and mepacrine slight effect when per 
ml. were present, but cultures were not rapidly sterilized, and the results were 
not sufficiently encouraging for further investigation. 
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Diamidines. 
Propamidine, dibromopropamidine, hexamidine and diiodohexamidine were 


used the form the soluble diisethionates and the solutions were sterilized 
steaming. Minimal bacteriostatic concentrations are given Table 


TaBLE Concentrations. 


dose drug (ug. per ml.). 
Strain. 
Streptomycin. Propamidine. Hexamidine. 


The strains used were Gravis Type strain (1), and the corresponding 
strain made resistant streptomycin (Hewitt, will 
seen that although the strains varied more than one thousandfold their 
sensitivity streptomycin, the inhibiting doses the diamidines were approxi- 
mately the same for both strains. The diamidines were inhibitory the growth 
diphtheriae high dilution, diiodohexamidine being the most active. This 
same order activity has been observed with other organisms (Wien, Harrison 
and Freeman, 1948). 


Diamidine resistance. 


Cultures diphtheriae resistant each the diamidines were obtained 
serial subculture gradually increasing concentrations each the drugs 
the same way that Levaditi and McIntosh (1910) obtained arsenic-fast try- 
panosomes. Papain digest broth was used for sub-cultures, and the incubation 
time was hours. The degree resistance acquired after sub- 
cultures diamidine broth shown Table IT. 


Inhibitory concentration per ml. 


will seen that some degree resistance was developed each the 
diamidines (except one culture) which the bacteria were subcultured, the 
degree resistance developed ranging from times that the original 
strains. Moreover, the degree resistance developed was roughly the same for 
the streptomycin-sensitive the streptomycin-resistant strains, and the number 
sub-cultures necessary develop resistance was roughly the same for both. 


ine. 
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Cross-Resistance. 

experiment was carried out order test whether resistance developed 
any one the diamidines specific resistance that particular drug 
general resistance the diamidine group. The results, summarized Table 
III, indicate that the resistance not specific, and furthermore, the degree 
resistance developed any the strains the multiple which the 
inhibitory concentration increased) roughly the same each the drugs. 


Diamidines. 
Inhibitory concentration drug (ug. per ml.). 


strain. in— Dibromo- Diiodo- 
Propamidine. Hexamidine. hexamidine. 


The question whether this increased resistance diamidines 
also shown towards streptomycin. Table strain the original strain 
subcultured broth, 1/D the same strain subcultured diamidine broth, 
1/S the streptomycin-resistant strain, and 1/SD the streptomycin-resistant 
strain subsequently made resistant the diamidines. 


Resistance. 
Minimum inhibitory concentration (ug. per 


Strain. 
Diamidine. Streptomycin. 
>1000 
>1000 


The development diamidine resistance produced appreciable effect 
the resistance streptomycin, and strain 1/SD there had been evolved 
organisms with increased resistance both streptomycin and the diamidines. 
The degree resistance developed the diamidines was less than that developed 
streptomycin. 


Toxigenicity resistant strains. 
Toxin production was investigated described previously (Hewitt, 
Strains were inoculated into papain digest broth which stock strains pro- 
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duced good toxin, and after days’ incubation the toxin contents the culture 
filtrates were tested intradermal methods, results being quoted terms 
units. 


Strains. 


inhibiting concentration)— 
streptomycin. diamidines, 
1000 
1000 


evident that the development resistance had not appreciably diminished 
the toxigenicity the strains. 


Protection 


Guinea-pigs, 250 weight, were infected with Gravis Type strain 
diphtheriae, and the diamidines were used the form the soluble diiseth- 
ionates. Fifteen minutes before infection mg. the drug injected sub- 
cutaneously into each guinea-pig. The infecting dose was 0-2 injected 
intracutaneously 18-hour culture Loeffler serum suspended saline 
and containing about organisms. Three more doses the drug (each 
mg.) were injected subcutaneously two-hour intervals, making total 
dosage mg. per animal. the case diiodohexamidine further pair 
guinea-pigs received four doses mg. drug, making total dosage mg. 
Each experiment was carried out duplicate, and pair guinea-pigs receiving 
culture but drug served control pathogenicity. The results are 
summarized Table 


Experiments. 


diphtheriae Gravis Type I). 
Drug. 


Total dosage Time death 


(mg.) (hours). 


There was protective effect any of-the diamidines. Local reactions 
the drugs were observed beginning hour two after the first injection, 
and consisted oedema and erythema with white centre, but the guinea-pigs 
showed general disturbance. 
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DISCUSSION. 


The sulphonamide drugs, sulphadiazine, sulphaguanidine, sulphamerazine 
and sulphathiazole, and the anti-malarials paludrine and mepacrine have 
negligible effect, but the diamidines like streptomycin are potent growth in- 
hibitors against diphtheriae. Since streptomycin contains two guanido 
groups and the diamidines have two diamidine groups, NH,C 
(:NH), seemed possible that the antibiotic and the chemotherapeutic agents 
might have similar mechanism action, and this possibility was tested 
investigating the phenomena drug resistance. 

McIntosh and Selbie (1943) observed some cross-resistance between pro- 
pamidine and certain acridine compounds the case Staphylococcus aureus, 
and the problem has been discussed Selbie (1946). the present experiments 
resistance was developed each the diamidines, propamidine, dibromo- 
propamidine, hexamidine and diiodohexamidine subculturing serially 
diphtheriae broth containing gradually increasing amounts the appropriate 
diamidine. Strains made resistant any one the diamidines were equally 
resistant the others; that one may conclude, expected, that the 
mechanism the antibacterial effect each the same, although they differ 
quantitatively their effect. 

the other hand, strains made resistant the diamidines showed increase 
resistance the growth-inhibitory effect streptomycin, and strain made 
resistant streptomycin showed increase resistance any the dia- 
midines. Moreover, the streptomycin-resistant strain developed diamidine 
resistance when subcultured broth containing the various diamidines about 
the same rate the streptomycin-sensitive strain. Hence may concluded 
that the mechanism the antibacterial effects streptomycin and the dia- 
midines are entirely different. The presence the basic groups each confers 
cross-resistance. perhaps also significant that sulphaguanidine has 
appreciable inhibitory effect the growth diphtheriae, and neither has 
paludrine, although both contain two guanido groups like streptomycin. 


SUMMARY. 


(1) Propamidine, hexamidine, dibromopropamidine and diiodohexamidine 
are potent anti-bacterial agents against diphtheriae. 

(2) strain diphtheriae made resistant any one the four diamidines 
developed similar resistance the anti-bacterial action the others, but was 
not resistant streptomycin. 

(3) Resistance streptomycin conferred resistance the diamidines. 

(4) streptomycin-resistant strain diphtheriae developed resistance 
the diamidines when sub-cultured broth containing the drugs about 
the same rate the corresponding streptomycin-sensitive strain. 

(5) Strains could obtained appropriate sub-culturing which were 
resistant both streptomycin and the diamidines. 

(6) concluded that the mechanism the anti-bacterial effects strepto- 
mycin and the diamidines are different. 

(7) appreciable diminution the toxigenicity was observed when strains 
were made resistant the diamidines streptomycin, both. 
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(8) Unlike streptomycin the diamidines did not protect guinea-pigs against 
infection with diphtheriae. 

(9) Although some them contain similar basic groups streptomycin 
and the diamidines, neither the sulphonamide drugs, sulphadiazine, sulpha- 
guanidine, sulphamerazine and sulphathiazole, nor the anti-malarial drugs 
paludrine and mepacrine, were potent bacteriostatic agents against diphtheriae. 


The author indebted his wife for her assistance, and Dr. Ashley and 
Dr. Wien, Messrs. May Baker, for the gift the diisethionates the 
diamidines investigated. 
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have found, common with many other workers, that not difficult 
isolate antagonistic organisms from soils using the crowded plate method 
Waksman (1945). One the organisms thus isolated inter- 
esting range pathogenic bacteria agar and was equally active the 
presence blood. was therefore decided investigate further. 


Organism. 


The organism was identified Bacillus mesentericus. When grown 
agar plate for hours completely inhibited the growth streaks Staphylo- 
coccus aureus, Staphylococcus albus and Corynebacterium diphtheriae distance 
three-quarters inch, and streaks Streptococcus viridans, Bacillus an- 
thracis, Klebsiella pneumoniae and Salmonella typhi distance half inch. 
Bacterium coli and Pseudomonas pyocyanea were not inhibited. blood plate 
the antibiotic organism did not cause haemolysis and the inhibition was slightly 
less than agar. The inhibitory substance produced the organism was 


able diffuse through cellophane, thus showing small molecular size 
and unlikely protein. 
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Medium. 


When the organism was grown broth glucose broth, the filtrates did 
not produce any inhibition. 

Some activity was detectable the culture filtrate from the synthetic medium 
Ramon and Richou (1944-5). The best medium was found casein 
hydrolysate with added growth factors and maltose the carbohydrate source 
(Mueller and Miller, 1940). The composition this medium given below. 


Solution Solution 
MnCl, (1% soln.) Water 100 c.c. 
Make 100 ml. 


5: 


Final Medium. 

Adjust 7-2. 


The medium was dispensed 0-5 amounts into flat 2-1. bottles; c.c. 
per cent maltose containing per cent CaCl, were added each bottle 
after sterilizing. The bottles were inoculated with drops one-day culture 
the organism and incubated 28° for four days. 


Assay the active material. 


ml. serial dilutions the sterile filtrates were made digest broth 
3/8 in. test-tubes. These were mixed with equal volumes suspension 
broth the test diphtheriae—-containing c.mm. over- 
night broth culture per suspension. The tubes were incubated 37° 
and read after hours. The highest dilution showing complete inhibition 
growth was taken the end-point, and the reciprocal this figure the number 
units ml. the test solution. 

order determine whether the inhibition was bactericidal 
bacteriostatic nature, subcultures agar plates were made from those tubes 
the above test which showed growth after hours. Growth the test 
organism the plate from subculture indicated that the inhibition growth 
that dilution was bacteriostatic nature. 

Non-sterile solutions were tested satisfactorily the agar cup method. 


Properties filtrate. 


filtering off the pellicle through several layers muslin, filtrate was 
obtained which was quite satisfactory for chemical extraction. 
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Sterile filtrates, which inhibited diphtheriae dilution 32, could 
obtained using gradocol membrane. Experience showed that 
Seitz filters absorbed most the activity. 

The activity the filtrate was completely destroyed heating 100° 
(pH 6-5) for minutes. After hours 20° the greater part the activity 
had disappeared. 

neutral was best for preserving the activity the filtrate. Below 
and above most the activity disappeared two hours 37° 


Solvent extraction the active principle. 

The culture filtrate was extracted over range with various solvents. 
2-0 all the activity passed into the solvent layer the case ether, 
chloroform and ethyl acetate. That this was was shown subsequent re- 
extraction the active principle from the solvent into aqueous alkaline solution. 
This means that the antibiotic possesses predominantly acidic properties, after 
the fashion penicillin. Therefore, attempts were made purify the anti- 
biotic selective solvent extraction. these methods the most concentrated 
extract obtained inhibited diphtheriae dilution 500, i.e. was 
concentrated seventeen times. Less than per cent the antibiotic was 
recovered however. 

Table shows the antibacterial spectrum this extract. 


Spectrum Concentrated Extract. 


Bacteriostatic Bactericidal 
dilution. dilution. 
Corynebacterium diphtheria 500 300 


will seen that the active substance entirely bactericidal against 
Sh. flecneri, Kl. and Vibrio comma organisms. Against 
the remaincer bacteriostatic the higher dilutions and bactericidal the 


lower. 
The following experiment was done test the selectivity the extraction 


procedure Two litres culture filtrate were extracted 3-0 with 


litre ether the ether layer was separated and extracted with 300 c.c. water 
maintained 8-0 with dilute NaOH solution. This aqueous layer was then 
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extracted with per cent volume ether 3-0 and the ether layer 
re-extracted with water above. This second aqueous extract was 
treated with ether again, above, that three complete extractions had been 
performed, yielding c.c. final aqueous extract from the original two litres 
culture filtrate. Samples were taken from the three successive aqueous extracts 
and the solid content each determined drying 100° 

Table shows the results this experiment. These figures indicate that 
successive extractions with ether did not materially improve the potency the 
product. 


Successive Extractions with Ether. 
Inhibited Total Total Units 


The assay greatly dependent inoculum with the usual 
inoculum this potency appeared 5000 units per mg. 


Chromatographic analysis. 


For all experiments under this heading ether extract (50 per cent 
volume) the culture filtrate 2-0 was used. Various adsorbents were 
tried, and the only one all successful was activated alumina. With this adsor- 
bent bands were from above downwards these were (a) 
diffuse brown, sharp bright red, (c) sharp yellow; these were not well 
separated from each other. inch two lower down the column was (d) 
sharp blue band, and below this, (e) ill-defined bright yellow one. The colour 
differences were much enhanced ultra-violet light, and band positions were 
marked under this illumination. The column was cut and elution the 
active principles from the alumina was attempted, using 0-2 phosphate buffer 
hours. The resulting eluates, when tested against diphtheriae, 
showed that the antibiotic activity resided predominantly the brown and red 
bands, slightly the upper yellow and not all the other two. Further 
work was then concentrated the brown band. 

The brown band, comprising alumina, obtained from filtrate, 
ether, was eluted with c.c. 0-2 phosphate buffer 8-0 for 
hours. This eluate inhibited diphtheriae 1000; this yield 
approximately per cent. 

was found that acidification the phosphate eluate pre- 
cipitate was produced, which when centrifuged, washed and dried vacuo, 
could shown contain about per cent the activity the eluate from 
which was obtained this represents overall yield per cent. 

one experiment from culture filtrate phosphate buffer 
eluate were obtained, which precipitation with per cent acetic acid yielded 
mg. the brown solid, melting-point 0-1 per cent solution 
this solid completely inhibited the following organisms the dilutions given 
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diphtheriae 512, Strep. viridans 32, Staphylococcus aureus Kl. 
pneumoniae Proteus vulgaris 32, Bact. coli and Ps. pyocyanea 
16. From this seen that the potency the brown solid against 
diphtheriae 512 units per i.e. times more potent than that obtained 
the solvent extraction process. 

This brown solid was analysed Weiler and Strauss Oxford. gave the 
following results 

mg. the brown solid was titrated electrometrically against NaOH 
rather poor inflexion resulted after c.c. the NaOH solution had 


been added from microburette. This gives one rough figure for the mole- 
cular weight 180, assuming that monobasic acid. 


Toxicity. 

preliminary toxicity test against leucocytes indicated that this solid was 
times more toxic Staphylococcus aureus than leucocytes, when tested 
the slide cell technique (Fleming, 1924). 

all our experiments were hampered the instability the antibiotic. 
This instability, and the difficulties involved handling the very large volumes 
medium which would necessary yield about the active material, 
combined with its not very promising chemotherapeutic properties, led our 
abandoning this work. 


Differentiation from other antibiotics. 
study the other antibiotics isolated from similar organisms indicates 
that this substance not identical with any far reported. 


Active Principle. 


Readily diffusible Not readily diffusible 
into medium into growth medium, 
i.e. exo factor. i.e. endo factor. 


(3) Subtilin (1) Licheniformin. 
(4) Bacitracin. (2) Subtilin IT. 
(5) 

(6) Eumycin. 

(7) Active principle (M. R.). 


Heat stable. Unstable heat. 


(6) Eumycin. (3) Subtilin 
(4) Bacitracin. (5) Bacillin. 
(7) principle (M. R.). 
Soluble ether. insoluble ether. 


(7) Active principle Subtilin 
(5) 


— 


— 
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This table, compiled from published data, indicates that our active principle 
not likely identical with any those above. 

The other antibiotics isolated from aerobic spore-forming bacilli are: 
Licheniformin (Callow and Hart, 1946), Subtilin (Ramon and Richou, 
Subtilin (Jansen and Hirschmann, 1944), Bacitracin (Johnson al., 1945) 
Bacillin (Foster and Woodruff, 1946) and Eumycin (Johnson and Burdon, 
1946). Table III shows the main distinguishing properties this group 
antibiotics. 


SUMMARY. 


(1) Conditions have been studied, using modification Mueller’s synthetic 
casein medium, for the optimal production antibiotic substance 
Bacillus mesentericus, isolated from soil. 

(2) The substance can extracted from the culture medium acid 
ether. Chromatographic adsorption further purifies the substance which can 
recovered from the alumina elution with alkaline buffer. 

(3) solid can precipitated acidification this eluate. The solid 
acidic, soluble dilute alkalis. unstable heat and extremes pH. 
Its approximate composition is— 


(4) The solid completely inhibited diphtheriae 


(5) Its chemical properties distinguish from the other antibiotics produced 
similar organisms. 


are grateful Dr. Andrews this Institute for identifying the 
organism. 

Dr. Rowley indebted the Dixon Fund London University for 
research grant. 
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generally accepted that antibody protein found the serum 
immunized animals modified serum globulin produced response the 
antigenic stimulus. The formation such antibodies was for long regarded 
occurring the cells the reticulo-endothelial system, but evidence has 
accumulated that lymph nodes and lymphocytes play part the process 
(Ehrich and Harris, 1945). The biochemical mechanism which the modi- 
fication the normal globulin takes place quite unknown but various hypo- 
theses have been advanced. The conceptions Breinl and Haurowitz (1930), 
Alexander (1931) and Mudd (1932) have common the idea that the antigen, 
through its incorporation the globulin-forming system, directly intervenes 
orientating force the synthesis the polypeptide Pauling (1940) 
considers that the antigen intervenes during the folding the chain rather 
than its synthesis, while Burnet (1941) suggests that the antigen induces some 
hereditary modification proteinase which ensures the continued formation 
antibody the absence the antigen. 

Though these hypotheses differ such fundamental point the necessity 
for the presence and fixation the antigen during the production antibody, 
they have common one assumption, namely that protein-forming system 
can affected the antigen. There appears, however, priori reason 
why the effect the antigen should limited the system producing serum 
globulin, and the question arises whether other protein-forming systems the 
body can similarly affected antigen, that the characteristic protein 
formed that system, whether structural secreted protein, bears 
antibody groups. With structural protein such effect might produce 
true tissue immunity the sense that the immunity due the activity 
the tissue, distinct either from the fixation serum antibody globulin the 
tissue from the local formation antibody cells the reticulo-endothelial 
lymphatic systems. The existence tissue immunity might demons- 
trable the isolation from the tissue characteristic protein, readily distin- 
guishable from serum globulin and capable specific reaction with the antigen. 

This possibility has been explored preliminary fashion examination 
the antitoxic capacity myosin and other muscle proteins isolated from 
animals immunized with Cl. toxin-toxoid. The investigation possible 
animals immunized with this type toxoid was 
some practical interest considering the advantages active immunization 
against tetanus and gas gangrene and although previous workers have reported 
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very low concentration antibodies muscle, this finding refers only the 
proteins soluble water dilute salt solutions. Moreover, large mass 
protein available for fractionation and individual proteins can readily 
distinguished their solubility and enzymic function. Cl. welchii toxoid was 
used antigen since the antitoxin (antilecithinase) the lecithmase, which 
major antigenic component Type toxin, can readily detected vitro 
its specific inhibition the enzyme conditions which can modified 
according the solubility the protein fraction tested, whereas the use 
flocculation, haemolysin biological tests impossible for some proteins. 

antitoxic activity could detected the myosin myogen fractions 
skeletal muscle from immunized animals, but since negative result not 
without interest the experiments are briefly reported. the hope getting 
some information the nature the protective effect immunization, the 
amount extractable antitoxin other tissues and the distribution anti- 
toxin between different fractions serum proteins rabbits, guinea-pigs and 
rats immunized with Cl. welchii toxoid have also been examined. 


Estimation antitoxin.—The antilecithinase activity sera and tissue 
extracts was estimated the inhibitory action the liberation acid-soluble 
from lecithin test dose Cl. toxin standard conditions (Mac- 
farlane and Knight, 1941), comparison with the inhibition known amounts 
standard serum (Cl. antitoxin, Elstree No. standard, i.u./ml.) 
defined containing antilecithinase units/ml. Since there little doubt 
that Cl. alpha-antitoxin and the antilecithinase are identical, titres are 
expressed simply units antitoxin/unit weight volume. the protein 
under test, such myosin, was insoluble per cent NaCl, the salt concen- 
tration all the tubes the test, including the standard antitoxin series, was 
increased addition 1/6 vol. KCl; this procedure did not affect the slope 
the standard inhibition curve, nor appreciably alter the amount hydrolysis. 

Immunization.—Young animals were used, since with the comparatively 
low turnover rate muscle protein the continued presence the antigen during 
growth appeared offer the most favourable conditions for formation anti- 
toxic muscle protein. During immunization courses weeks the order 
weight increase was: rabbits, kg.; guinea-pigs, 200-300 g.; rats, 
200 

Culture filtrates Cl. Type strain were used antigen, 
formolized toxoid being used for preliminary course injections, 
followed toxin, all injections being given with 0-5 per cent alum into the 
shoulder back muscles. Since the type immunization course most favour- 
able for serum antibody production was not necessarily the optimum for 
development tissue immunity, some variety dosing was tried, such 
the following (in rabbits) 

Group I.—4 doses toxoid weeks’ interval weeks’ rest, doses 
days’ interval. Group II.—2 doses toxoid weeks’ interval weeks’ 
rest, increasing doses (2, 10, 14, Lf) day intervals. 
The serum titres the two groups were the order 1-3 units/ml. after the 


primary course, and units/ml. the height response the secondary 
doses, falling later units/ml. far the object these experiments 
was concerned, there was appreciable difference between the courses. Animals 
from each group were bled out different stages immunization, and the 
tissues worked immediately after death. 


ISOLATION AND TESTING MUSCLE PROTEINS 


Myosin, which accounts for about per cent the total protein rabbit 
muscle, was prepared following in.general the method Bailey (1942). The 
more soluble muscle proteins were fractionated the method used Cori, 
Slein and Cori (1945) for the isolation d-glyceraldehydephosphate dehydro- 
genase, that different enzymes could prepared and examined for anti- 
toxic effect this seemed profitable. 

Primary course: spaced weeks) doses, followed 
regular injections for weeks. Serum titres (units/ml.): weeks, 
weeks, 50; weeks, 44. After bleeding out weeks, muscle was 
removed from the hind limbs, freed from connective tissue and vessels, and 
minced twice. 

For the preparation myosin, mince was extracted twice with stirring 
with volumes 0-6 KCl 7-6, the combined extracts poured into 
volumes ice-cold water, the precipitate collected, washed with water and 
redissolved addition KCl, giving 180 ml. 1-1 per cent protein 
KCl This crude myosin (M,) was purified dilution with 
volumes water and resolution the gel-like precipitate 0-2 KCl (M,). 


Soluble proteins were extracted from 147 the mince with one volume 
ice-cold KOH, and the extract treated with ammonium sulphate. The 
proteins separating per cent and 100 per cent saturation and “A” 
fractions) were removed filtration, dialysed against 0-9 per cent NaCl till 
free from ammonium sulphate and cleared centrifuging. 

Aliquots these fractions were tested for antitoxic activity Kjeldahl 
estimations were also made, from which the protein content was calculated 


I.—Antitoxin Content Sera and Muscle Proteins 
Immunized with Cl. welchii toxin. 


Rabbit No. 


Myosin. 


Soluble Muscle Protein. 


fraction. Units/g. protein 
Units/g. muscle extracted 
“A” fraction. Units/g. protein 
Units/g. muscle extracted 
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The and fractions contained 0-26 and 1-5 protein 
respectively. 

The results for four rabbits are shown Table The detectable antitoxin 
per muscle was less than per cent the serum titre and was almost entirely 
concentrated the small fraction which might expected contain 
any antitoxic serum globulin present the muscle. evidence was obtained 
that myosin had any antitoxic activity. 


DISTRIBUTION ANTITOXIN OTHER TISSUES. 
Extraction antitoxin. 


The animals were bled out but were not perfused. Tissues were freed from 
connective tissue and vessels and washed rapidly three changes saline, 
hollow viscera being opened up. Skin, previously shaved clipped, was taken 
from the abdomen remote from the site inoculation, pinned out and the inner 
layer the pelt containing blood vessels removed with scalpel; this layer 
was occasionally tested but unless otherwise stated the term refers 
the epidermal and dermal layers. Portions tissue were dried filter paper 
and weighed. Various methods extraction were tried, such grinding with 
sand, mincing Latapie mincer, etc., but with small amounts tissue very 
different consistencies these were not satisfactory. the end the tissues were 
very finely with scissors and extracted with volumes buffer solution 
(borate buffer 7-6 plus equal volume 0-9 per cent NaCl) for hour room 
temperature with occasional stirring. The extracts were filtered, dialysed 
overnight against volumes extractant remove inorganic phosphate 
and tested levels for antitoxin, the test being repeated diluted samples 
necessary. 

number animals, duplicate samples tissue were treated with 0-5 
KCl 7-6 see the amount antitoxin extracted was increased 
higher salt concentration, but appreciable difference was observed. Control 
tests with extracts from non-immunized animals, with and without added anti- 
toxin, showed that the limit detectability antitoxin was about 0-04 units 
ml. extract (i.e. 0-10 units/g. tissue), the inhibitory action the anti- 
toxin this concentration was counterbalanced stabilizing effect the non- 
specific protein the toxin; inhibition was observed with extracts from 
non-immunized animals. 


Tissue Antitoxin relation Serum Titre. 


The antitoxin extracted from tissues may derived from three sources, 
namely serum antitoxin from contained blood, lymph antitoxin and antitoxin 
the tissue fluid proper. seems unjustifiable assume that perfusion would 
always remove blood occluded capillaries that the effect perfusion 
fixed antitoxin would the same for all tissues. The trimming and washing 
the tissues appeared satisfactory substitute for perfusion the gross 
removal blood, that extracts skin, uterus, trachea and pale skeletal 
muscle were practically colourless (less than 1/1000 haemolysed blood) but lung 
extracts were usually slightly pink and liver extracts reddish brown. Yet the 
antitoxin values for trachea approached that lung, while that skin was 
generally higher than that liver. Thus one rabbit, with serum titre 
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units/ml., the following values (units antitoxin/g. fresh tissue) were obtained 
lung 1-0, trachea 0-8, skin 1-1, uterus 0-8, liver 0-6, heart muscle 0-6, skeletal 
muscle nil, gut 0-2. another, with serum titre units/ml., the values included 
lung 1-8, heart muscle 0-9, red skeletal muscle nil, pale muscle nil, skin 1-1, liver 
0-5, uterus appears probable that the contribution contained blood 
the extractable antitoxin values very small, and that the main source 
the tissue fluid. 

The main results for number rabbits, guinea-pigs and rats are summarized 
Table IT, the values for extractable antitoxin being expressed percentage 


Antitoxin Content Tissues and Sera. 


units/g. fresh tissue 100 


units/ml. serum 


Animal Serum 

Rabbit 

females, 


males) 


Guinea-Pig 
(all male) 


Rat 
(all female) 


the serum titre. The result outstanding interest the presence extract- 
able antitoxin the cardiac muscle all the animals examined, amounts 
far exceeding that present skeletal muscle. The concentration cardiac 
muscle was the same order that liver, skin and uterus, about per cent 
the serum the figures for these tissues and for lung (10—15 per cent) 
are, general, consistent with those other workers (Freund, 1927; Jones, 
1925; Walsh and Cannon, 1938). were, however, unable detect any 
antitoxin brain tissue the animals which that tissue was examined 
this contrast the finding Weichsel and Salfield (1937) that antitoxin 
was present the brain tissue guinea-pigs immunized with diphtheria toxoid. 
Values for spleen were usually slightly lower than those for liver. 

Although the serum titres varied with individual animals, the tissue/serum 
ratio was the whole the same order for the same tissue all the species 
speaking broadly, then, from the point view the protective effect in- 


463 


DISTRIBUTION ANTITOXIN TISSUES. 


oculation the concentration antitoxin these tissues appears directly 
related the serum titre, but there were some differences individuals and species. 
Thus the rabbit the ratio the mean titres skin/lung was considerably higher 
and that for lung/serum rather lower than the guinea-pig, and although the 
concentration guinea-pig lung was occasionally very high there was con- 
siderable variation. The contrast guinea-pigs Nos. and between the 
liver/serum ratios interest these two animals had the same course im- 
munization, but the time the last boosting dose toxin No. had acquired 
cut the right shoulder and developed lesion. the site injection the 
toxin. When the animals were killed seven days later (ordinarily the day 
maximum response) the serum titre No. was much lower than that 
No. 13, but the liver/serum ratio was extraordinarily high. This recalls the 
observation Jones (1925) that shortly after immunization with bacterial 
vaccine (hog cholera) the concentration agglutinins the liver exceeded that 
the serum but that subsequently the serum titre rose, absolutely and relatively. 


Immunization Rats. 


interesting point was the apparent difference response immunization 
exhibited male and female rats. Rats are usually considered refractory 
sensitization and was thought possible that the slight differences tissue/ 
serum ratios between rabbits and guinea-pigs might accentuated rats 
throw some light the differences the signs anaphylactic shock different 
species. 

group male and female rats (Lister Institute, black and white strain) 
about weeks old, and 100 weight, were given preliminary course spaced 


— 


@ 


Units antitoxin/ml. serum 


(3) 


Days after last boosting dose 


Fic. 1.—Antitoxin titres male and female rats. The numeral brackets indicates the 
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doses toxoid weeks’ interval, and boosting dose toxoid 
weeks later. Subsequently boosting dose toxin was given animals, 
which one, male, died within few hours and the others were poorly for 
day two these animals received one more additional doses toxin. 
was not found possible get sufficient blood from the tail for interim 
estimations the serum titre, animals were bled out varying times 
days) after the last dose toxin and the tissues extracted the usual way. 
The serum titres for individual animals have been plotted Fig. against the 
days elapsing from the last can seen that for the female rats the 
values for different rats, irrespective the number doses antigen, fall 
steep curve with maximum units/ml. which strongly suggests that the 
response individual animal secondary stimulus marked but much 
more transient than other species. None the male rats, even those tested 
the time good response the female, reached titre greater than unit/ml. 
The tissue/serum ratios for antitoxin for those rats which the tissue anti- 
toxin was detectable are shown Table II. The only peculiarity observed 
was the high antitoxin content the uterus the last rat killed, No. 12; un- 
fortunately, the possible significance sexual difference was not appreciated 
the time, the stage the oestrus cycle the rats not known. 


DISTRIBUTION ANTITOXIN DIFFERENT FRACTIONS SERUM PROTEINS. 


For each species, sera were pooled two three lots according the titre, 
and the proteins fractionated the method used Kekwick (1940). The 
globulins were first salted-out with sodium sulphate (18 100 ml.), and, after 
dialysis, fractionated 8-0 addition sodium sulphate (12 and 
100 ml. solution). With human and rabbit sera the per cent precipitate 
known consist almost pure y-globulin, while the per cent precipitate 
contains the and with some y-globulin. Owing electricity 
cuts the time these experiments, the composition the fractions was not 
examined electrophoretically, but probable that the per cent fraction was 
substantially y-globulin and the per cent fraction substantially 

About per cent the antitoxin was lost during the precipitation and 
dialysis these fractions, but practically antitoxin was present the 
per cent filtrate. The distribution the recovered antitoxin between the two 
precipitates shown Table III. Between the species there marked 


Antitoxin Fractionation Serum Proteins with 
Sodium Sulphate. 


Per cent recovered antitoxin 
Species. Titre Pooled Sera 


Rabbits 


units/ml. per cent ppt. 12-18 per cent ppt. 


Guinea-pigs 


Rats, female 


7 
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difference distribution which appears independent the serum titre 
rabbits per cent, rats only per cent, the antitoxin was 
recovered the per cent sodium sulphate precipitate, while guinea-pigs 
the distribution was almost even. 


DISCUSSION. 


Myosin and other protein fractions from skeletal muscle animals immunized 
with Cl. toxin during the period growth have been examined for the 
presence antitoxic groups, but evidence was obtained that such groups were 
present the characteristic tissue proteins. This negative result does not neces- 
sarily disprove the hypothesis that antigen can affect other protein-forming 
systems besides those responsible for serum globulin formation and thus produce 
true tissue immunity, but the fact that least two important systems, those 
producing serum albumin and myosin, are not affected the presence 
antigen emphasizes the selective nature the factors involved, either the 
absorption antigen into particular kinds cells the ability the 
antigen affect the protein-synthesizing system within the cell. 

Another aspect this selectivity, the difference distribution serum 
antitoxin between the and y-globulin fractions, interest relation the 
ease sensitization different species. Active sensitization the rat appears 
difficult 1922; Parker and Parker, 1924) although the appar- 
ently erratic results may due partly the transient response the antigen. 
Kellaway (1930) however, who found that passive sensitization rats with rabbit 
anti-albumin serum was regularly successful, concluded that rat tissue could 
readily fix heterologous, but not homologous, antibody. the present work, 
only small proportion the serum antitoxin was found the per cent 
sodium sulphate fraction (y-globulin) rat serum, but very high proportion 
rabbit y-globulin fraction, and tempting correlate the ease sensitization 
with the ability form y-globulin antibody this implies not only selectivity 
the effect the antigen the protein-forming system, but selective action 
the tissues the fixation y-globulin rather than The differ- 
ence extractable antitoxin between plain muscle and cardiac muscle the 
one hand, and skeletal muscle the other, also interest. 

Although the number rats immunized was too small justify the con- 
clusion that the difference response between the male and female animals was 
due the difference sex, the results were striking contrast those with 
other taken with the difference the antitoxin distribution different 
serum fractions they suggest that fuller investigation the immune response 
rats might throw light some problems immunization, and for this reason 
these preliminary experiments have been reported. 


SUMMARY. 


Myosin and other protein fractions skeletal muscle animals immunized 

with Cl. toxin were tested for antitoxic activity, with negative results. 
Extractable antitoxin, however, was present the cardiac muscle im- 

munized rabbits, guinea-pigs and rats, amounts the same order (5-15 per 

cent the serum titre, per tissue) lung, skin and liver. 
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There was marked species difference the distribution antitoxin between 
different fractions serum proteins, more than per cent the serum 
toxin rabbits, but less than per cent rats, being found the least soluble 
fraction (y-globulin). There was also marked the response 
male and female rats the antigen, which was not observed other species. 
The results suggest that ease sensitization may linked with capacity for 
formation y-globulin antibody and fixation this antibody the tissue. 


REFERENCES. 


ALEXANDER, J.—(1931) Protoplasma, 14, 296. 

K.—(1942) Biochem. J., 36, 121. 

F., physiol. Chem., 192, 45. 
Burnet, M.—(1941) Production Antibodies.’ Melbourne (Macmillan). 
Cort, T., W., Cort, F.—(1945) biol. Chem., 159, 565. 
E., anp Harris, N.—(1945) Science, 
J.—(1927) Immunol., 14, 101. 

A.—(1940) Biochem. J., 34, 1248. 

KELLAWAY, H.—(1930) Brit. exp. Path., 11, 72. 

T.—(1922) exp. Med., 36, 627. 

S.—(1932) 23, 423. 

PARKER, AND PARKER, Res., 44, 263. 

L.—(1940) Amer. chem. Soc., 62, 2643. 

E., anp Cannon, R.—(1938) 35, 31. 
M., anp H.—(1937) infect. Dis., 61, 73. 
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attempt obtain from faeces and sewage organisms new 
antibiotics, examination was made 448 strains bacteria isolated from 
variety faeces and from samples collected from different sections sewage 
plant Oxford. 

The rather short survival organisms causing typhoid fever, dysentery, etc. 
soil and sewage has been reported many workers (e.g. Wolman, 1924 
Waksman, 1945), and believed some due microbial interaction. 
Microbial activity also considered the basis modern sewage treatment. 
was hoped that.during the course this work some light might thrown 
the part played antibiotic formation such cases. 


ANTIBIOTIC-PRODUCING ORGANISMS. 


METHODS. 


The presence antibiotics crude sewage and faeces could not detected 
any the methods which were tried. These included simple cylinder-plate 
tests, the immersion closed cellophan sac containing test organisms sewage 
suspensions faeces, and the contact such material with agar block 
pre-seeded with the test some cases agar block cellophan 
sac was actually immersed sewage the sewage plant. doubt the detection 
antibiotics such material greatly complicated the many kinds 
organism and the many chemical compounds present. addition, any anti- 
biotic substances which may present may much diluted that they cannot 
detected. The claim Rosenthal and Lieberman (1931) that saline extract 
prepared from nurslings’ stools contained substance inhibiting the growth 
coli was investigated, but could not satisfactorily confirmed. 

One method testing antagonism association used Ivanovics (1931) 
and later Fulton (1937), and others (Wynne and Williams, 1945; Wynne, 
1947) was incubate mixtures two organisms the same liquid medium and 
then determine the difference the number viable cells each plating out 
and counting colonies. Such experiments are tedious, many cases difficult 
interpret, and sometimes subject gross errors. Thus, organism may 
considered have been inhibited when few colonies appear the plate 
count, whereas the real explanation may that does not grow well solid 
medium. Zooglea, for example, may not show ordinary plate counts. 
Furthermore, this method would limited value the M-concentration 
theory Bail (1929) true. 

The procedure used this study was isolate individual organisms from 
different samples and test them for antagonistic effect the cross-streak method. 
This procedure eliminates many the complicating factors involved the other 
methods. does not require such strict precautions against contamination 
tests liquid medium, and permits the use several different test bacteria 
one time. This method is, course, not entirely satisfactory because effects 
which may occur under natural conditions the intestines the sewage plant 
may not under the restricted conditions the test. Furthermore, only 
very small proportion organisms from any given sample can examined, 
and matter chance whether active strain will picked off. 

The principle the cross-streak test was perhaps first introduced Garré 
(1887), and has been modified many other workers. was carried out for 
the work reported here the following way 

The organism was isolated from sample faeces sewage and after being 
broadly identified was inoculated streak (the along the 
diameter agar plate. This was incubated under conditions giving good 
growth, usually hours aerobically for four days under anaerobic conditions. 
number test organisms (see below) were then cross-streaked right angles 
the primary streak without touching the latter. The plates were again incu- 
bated overnight. When inhibitory substance was produced the organism 
the primary streak, there was clear portion the secondary streak where the 
test organism had been inhibited. The length this clear portion depended 
on, inter alia, the sensitivity the test organism and the potency and amount 
antibiotic produced. 
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For routine purposes five different organisms, Staphylococcus aureus, Bact. coli, 
Salmonella enteritidis, Pseudomonas pyocyanea and Corynebacterium xerosis were 
arbitrarily chosen. certain cases other test organisms were used well. 
fully realized that interesting and important antibiotics may have escaped 
detection simply because none the test organisms were sensitive them. 
The choice test organisms inevitably matter chance. 


RESULTS. 


The results the search for antibiotic-producing organisms are presented 
Tables and and the information contained therein rearranged the later 


TABLE Production Organisms Isolated from Different Kinds 
Faeces. 
Source faeces. 
Man 


Adults. Sucklings. 


Rabbit. Earthworm. 


Bacterial strains 


antibiotics (12 per cent) (60 per cent) (9percent) (15°6 per cent) 


Types organisms 
isolated— 
Gram-negative 
intestinal bacilli 
Streptococcus 
Staphylococcus 
Micrococcus 
Gram-positive 
spore-forming rods 
(non-thermophilic) 
Gram-positive 
spore-forming rods 
(thermophilic) 
Proteus 


ww 


tables. Since there seemed essential difference between active strains 
isolated from faeces and those from sewage the two groups are considered together. 
The number antagonistic strains isolated from the sewage was not large enough 
warrant separate analysis the results obtained from the organisms each 
section the sewage plant. 

clear from Table that each kind faeces contained great variety 
organisms. only small proportion these was examined each case 
scarcely worth while compare the incidence antibiotic producing strains 
each. The high percentage active strains.from rabbit faeces was obviously 
due the predominance the Gram-positive spore-forming rods these faeces, 
for, shown below, this type organism gave the highest percentage active 
strains. 


Total. 
12 53 88 
1 3 8 
~ 
3 0 28 
2 1 ] 
3 0 
9 
6 
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TABLE Strains, Isolated from Faeces and Sewage, which 
formed Antibiotics. 


Faeces. Sewage. Total. 


Strains Active Strains Active Strains Active 
isolated. strains isolated. strains. isolated. strains. 


bacilli per cent) (10 per cent) per cent) 
Gram-positive spore- 
philic) (64 cent) (62 per cent) (63 per cent) 
Achromobacterium 


per cent) per 


Chromobacterium 
per cent) per 


Staphylococcus 
(23 per cent) per cent) 
Bact. faecalis alkaligenes 
Lactobacillus 
Clostridium 
Zooglea 
Yeast 
Pseudomonas 
Unidentified 


bo 


per cent) 
(16 per cent) per cent) per cent) 


Note.—Percentage not calculated for groups less than organisms. 


the changes bacterial flora which occur when faeces are converted 
sewage are brought about, even partly, through the agency antibiotics, one 
might have expected higher proportion antibiotic-producing organisms 
sewage than faeces. Table shows that this was not so. 

The antibiotic producers far encountered can put into arbitrary groups. 
according the pattern the strains they inhibit. Thus what here called 
type only xerosis and Staph. aureus are inhibited, and (Table 
The distribution the active strains according these types given Table 


indicates inhibition test organism organisms.) 


Arbitrary group. 
Test organism. 
xerosis 
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Active Strains according Type Inhibition. 
Gram-negative intes- 
Staphylococcus 
Micrococcus 
Bact. faecalis alkaligenes 
Achromobacterium 
Pseudomonas 
Lactobacillus 


~ one —— 


will seen that approximately per cent the active strains inhibited 
xerosis, xerosis and Staph. aureus, whilst Ps. pyocyanea was inhibited 
only the active strains. 

Table the active strains are grouped according the Gram-staining 
characters the test organisms which they inhibit. Nearly per cent the 


TaBLE Active Strains according Gram-staining Character 
Test Organisms Inhibited. 


Kind test organisms inhibited 


Gram- Grame 
positive and Gram- positive and 
Gram- negative Gram- 

negative except Ps. negative 
except Ps. pyocyanea. including Ps. 


Gram- 
positive 
only. 


Gram-positive spore-forming rods 
Gram-negative intestinal bacilli. 
Staphylococcus 

Bact. faecalis 
Pseudomonas 
Chromobacterium 
Achromobacterium 

Actinomycetes 

Lactobacillus 

Unidentified 


Nwo 


active strains inhibited one more Gram-positive test organisms, about per 
cent attacked one more Gram-negative strains and per cent inhibited both 
Gram-positive and Gram-negative test organisms. 

Peroxide production.—Out the total 448 strains examined inhibited 
the test organism reason the production peroxide. Eight these were 
streptococci (out strains Streptococcus), and the others were micrococci 
(out strains Micrococcus). Peroxide formation was readily detected 
repeating the streak test medium containing small amount 
per cent) blood. This contains catalase, which decomposes hydrogen peroxide 
organism which gave positive result plain medium gave none 
the blood medium, the inhibition was considered have been due peroxide. 
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From separate investigation was found that the presence glucose 
the medium increased the number positive results due peroxide. This 
would expected the peroxide were formed the action glucose dehydro- 
genase (see, for example, Coulthard, Michaelis, Short, Sykes, Skrimshire, Standfast, 
Birkinshaw and Raistrick, 1942). 

the following paragraphs the findings within each class organism are 
considered separately. 

Gram-negative intestinal bacilli.—This group comprises chiefly the Bacteria, 
the Salmonellae and the Shigellae. Nine per cent those examined produced 
antibiotics, and unlike most other groups, they showed tendency inhibit 
mainly the organisms. the active strains inhibited 
Bact. coli Salm. enteritidis, both, inhibited both Gram-negative and Gram- 
positive test organisms, and inhibited Gram-positive organisms only. The 
Gram-negative intestinal bacilli seemed particularly active producing 
antibiotics inhibiting Gram-negative bacilli. 

Aerobic Gram-positive spore-forming rods.—This group organisms, frequently 
found faeces and sewage, have long been dubbed scavengers.” those 
isolated here more than half showed varying degrees antibiotic activity, this 
being the highest percentage active strains found any the groups tested. 
Three-fourths the active spore-formers inhibited only Staph. aureus and 
the remaining one-fourth inhibited both Gram-positive and Gram- 
negative organisms, including Salmonella typhi, Salmonella paratyphi Shigella 
shigae and Shigella sonnei, addition the two routine test organisms, Bact. 
and Salm. enteritidis; none attacked Gram-negative organisms selectively. 
seems that least two types inhibitor may produced the aerobic 
spore-formers one being specifically active against Gram-positive organisms 
and the other against both Gram-positive and Gram-negative organisms. 

Neither the morphology the organisms nor their cultural characteristics 
were related their capacity for producing inhibitors. The observation 
Much and Sartorius (1924) that the pellicle-forming strains were antibiotically 
more active than others was not confirmed the present study. After all, the 
presence absence pellicle and the morphology colonies vary greatly 
with many incidental conditions, for instance, composition medium, air supply, 
value, etc. Furthermore, support has been found for the view Stokes 
and Woodward (1942) that activity among the spore-formers limited group 
bacilli which are closely related morphological and biochemical charac- 
They stated, for instance, that 24-hour broth cultures the active 
strains spore-forming bacteria isolated from the soil were Gram-negative, 
whereas the inactive strains when examined under the same conditions were 
Gram-positive. the present investigation, the contrary, definite asso- 
ciation between the capacity produce inhibitor and any known bacteriological 
character was noticed. 

Out the strains aerobic, Gram-positive spore-formers, grew 
temperature 45° C., but these the proportion active strains and their range 
activity were similar those the group whole. 

Streptococcus faecalis.—It interesting notice the rarity antibiotic 
production and the high frequency peroxide formation this group organism 
which very commonly found faeces and sewage. Eight the peroxide 
producers among the 448 cultures isolated were streptococci. Although the 


472 SU. 


chemical and antibacterial characteristics and the clinical possibilities hydrogen 
peroxide are well-known, and little interest antibiotic,” may 
perhaps play important part the process sewage purification. 

Staphylococcus and Micrococcus.—These two organisms are not commonly 
found faeces and sewage the streptococcus. Only small proportion 
the staphylococcal strains showed any activity. 

One the active micrococci was investigated further. was found 
active against many strains Gram-positive organisms, including 
tuberculosis. account and the partially purified antibiotic (micrococcin) 
formed given the following paper (Su, 1948). 

Zooglea.—Butterfield (1935) published series reports the Zoogleae 
found the activated sludge and trickling filters sewage disposal plants. His 
claim that this type organism plays the main part the biological purification 
sewage was special interest relation the present investigation. Three 
strains Zooglea ramigera were kindly supplied Dr. Butterfield and four 
other strains Zooglea were isolated from the aeration tanks the sewage 
plant Oxford. addition cross-streak tests solid medium (the growth 
being always very poor), culture fluids obtained from aerated cultures and 
cellophan sac culture (Heatley and Florey, 1946) were tested for antibiotic activity 
the cylinder-plate method against the ordinary test organisms. The results 
were invariably negative. 

Other antibiotic formation other sewage inhabitants 
such Chromobacterium, Achromobacterium, Bacterium faecalis alkaligenes, and 


Lactobacillus, very little information was obtained because the number species 
studied was small, but least some strains these species were active. 

routine isolation Clostridium was attempted, but activity could 
found any the few strains examined. Some strains Proteus were isolated 
but the spreading the culture the agar place rendered the reading results 
impossible. 


SUMMARY. 


Pure cultures different types bacteria isolated from sewage and from 
the faeces man, cats, rabbits and earthworm, were tested the streak 
method against one strain each Staph. aureus, Bact. coli, Salm. enteritidis, 
Ps. pyocyanea and xerosis. 448 species isolated, 74, 16-5 per cent, showed 
inhibition against one more these test organisms. The percentage active 
strains was practically the same the organisms isolated from faeces those 
from sewage. The species studied included, the order frequency with which 
they were isolated, the Gram-negative intestinal bacilli, Streptococcus, Gram- 
positive aerobic spore-forming rods, Micrococcus, Chromo- 
Staphylococcus, Proteus, Lactobacillus, Bact. faecalis alkaligenes, Clos- 
tridium, Zooglea, and several others. More than half the Gram-positive, 
aerobic spore-forming rods and per cent the Gram-negative intestinal bacilli 
were active. Two out Micrococcus and out Staphylococcus were also 
active. None the strains Streptococcus showed any inhibition, except 
that due peroxide, which was frequently produced this organism, especially 
when glucose was present the medium. activity was found among small 
number strains Proteus, and Zooglea. very small number 
active strains were isolated from among the Chromobacteria, Achromobacteria, 
Bact. faecalis alkaligenes, Lactobacilli and Pseudomonas. 
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Seventy per cent the total number active strains inhibited Gram-positive 
test organisms. Twenty per cent inhibited both Gram-positive and Gram- 
negative organisms. The Gram-negative intestinal bacilli showed tendency 
selectively inhibit Gram-negative test organisms. 
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the course search for antibiotic-forming bacteria faeces and 
(Su, 1948) strain Micrococcus isolated from sewage was found 
inhibitory many Gram-positive micro-organisms, including Myco- 
bacterium tuberculosis and some actinomycetes, but inactive almost all the 
Gram-negative organisms tested. The active substance responsible for this 
effect has been extracted and concentrated and pending chemical identification 
has been called micrococcin. The present article deals only with the bacterio- 
logical characters the organism and with methods production, assay and 
extraction the antibiotic. Its general properties and vitro antibacterial 
activity are also reported. 

With respect the antibacterial effects the group organisms known 
Micrococcus, the literature scanty but historical interest, for the first photo- 
graphic record antibiosis was prepared with strain Micrococcus, anthra- 
cotoxicus, 1889 Doehle (1889). (1902) found strain Micrococcus 
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which strikingly inhibited the growth number bacteria, both Gram- 
positive and Gram-negative. The active substance was soluble alcohol, but 
not ether, and was slowly inactivated heat. tested therapeutically 
animals but with negative results. Dujardin-Beaumetz (1934) reported that 
micrococcus related tetragenus was strongly antagonistic many Gram- 
negative and Gram-positive organisms, including tubercle bacilli. Hutchison, 
Weaver and Scherage (1943) isolated strain Micrococcus from water and 
found inhibitory Bact. coli, but gave details. 


EXPERIMENTAL. 


The Organism. 

The characters the organism not correspond any species Micro- 
coccus described Bergey’s Manual Determinative Bacteriology, 1939 edition, 
although shows resemblance varians. The organism facultatively 
anaerobic, Gram-positive, non-motile coccus, diameter, generally 
oval, occurring pairs and tetrads, but also short chains, clusters, and singly. 
grows well ordinary nutrient media 37°C. Colonies (24 hr.) nutrient 
agar are faintly greyish, mm. mm. diameter, circular, raised, with 
entire edge and with finely granular shiny surface. greyish mucoid deposit 
obtained nutrient broth which, shaking, forms long mucoid threads. 
produces liquefaction gelatin 24°C. three days, haemolysis 
blood agar, and coagulation human plasma. readily ferments glucose, 
maltose and sucrose without formation gas. Litmus milk turned slightly 
alkaline and clot Neither hydrogen sulphide nor indole produced. 
Nitrates are reduced nitrites. Methylene blue not reduced. 


Assay. 


Although the cylinder-plate method could used for roughly estimating the 
active substance crude culture fluid, was unsatisfactory for the assay 
extracted material. This may have been because micrococcin only slightly 
soluble water. The serial dilution test was more satisfactory and was several 
hundred times more sensitive than the cylinder-plate method. 
not destroyed autoclaving, most the manipulation involved could 
carried out before sterilizing the medium. The procedure adopted was 
follows 


Double-strength nutrient agar dispensed definite amount, usually 
into number small test tubes in. The sample assayed serially 
diluted with water and equal volume each dilution added tube the double- 
strength agar. The tubes are plugged with absorbent cotton wool and autoclaved for 
min. pressure 0-5 atm. The tubes, after being well agitated mix their 
contents, are allowed cool inclined position. The entire surface each slope 
flooded with one two drops suspension spores the test organism water 
and the excess inoculum drained inverting the tube large test tube where 
left during incubation. Results are read after overnight incubation 37° C., 
the end-point being taken the highest the series which there 
growth the surface the medium. 


The advantages this solid medium dilution test over that carried out 
liquid medium are (1) the end-point very sharp, (2) the presence occasional 
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resistant variants among the test organism will not vitiate the test, and (3) 
absolutely sterile technique not necessary. This technique may well useful 
for the assay some other antibiotics. 

test organism strain Bacillus subtilis was found satisfactory. 
highly sensitive micrococcin, non-pathogenic, robust, and shows little 
tendency become resistant. The spores this organism can easily stored 
suspension water dry state. Before use, suspension spores 
further diluted with water that thin layer growth will obtained overnight 
the surface agar flooded with the suspension. 

very simple method for the direct semi-quantitative assay chloroform 
solutions consisted dipping filter paper disc the chloroform solution 
assayed, allowing dry, and placing seeded agar plate. The size the 
zone inhibition after incubation gave indication the potency the 
chloroform solution. 


Production. 


Media containing meat extract and peptone were found produce good yields 
the active substance. routine culture medium Lemco meat extract 
broth the following composition was used: g.; peptone, 
g.; NaCl, g.; variety peptones were used and 
gave approximately similar yields micrococcin. 

For semi-large scale production the medium was aerated the rate about 
half volume air per volume medium per minute. was incubated 
for three days before harvesting, which time had become alkaline 


(pH and inhibited the growth the test organism dilution 
100 more. 

Media containing only inorganic nitrogen gave growth slight growth 
with extremely poor activity. Good growth was supported yeast extract, 
acid-hydrolysed gelatin and acid-hydrolysed casein, but these media the yield 
active substance was inferior that obtained with meat extract medium. 


Extraction. 


The active substance the culture fluid has been extracted three different 
(1) acid precipitation, (2) adsorption charcoal, (3) extraction with 
chloroform. The last method was less satisfactory than the other two, and will 
not described here. 

Precipitation process.—To the whole culture was added conc. HCl until the 
reached heavy flocculent precipitate was obtained which was collected 
centrifugation. The grey clay-like precipitate was extracted with lots 
each lot being roughly equal the volume the precipitate. Alcohol 
was removed from the pooled extracts distillation. The aqueous residue, 
together with any suspended matter was shaken few times with equal volumes 
chloroform. the pooled chloroform extracts were added volumes ether, 
which caused the immediate precipitation the active substance together with 
some pigmented material. The precipitate was taken chloroform and was 
further purified chromatographic analysis through alumina column. The 
top zone contained chiefly brownish pigmented substances, while the active 
substance was mainly the second zone which showed violet blue fluorescence 
ultra-violet light. This second zone was eluted with alcohol. The eluate 
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when evaporated dryness left nearly colourless amorphous powdery residue. 
was stored solution alcohol chloroform. The yield this method 
was per cent higher. 

Adsorption process.—The culture fluid was shaken with per cent activated 
charcoal—Farnell Grade gave satisfactory results—which was filtered off 
Buchner funnel and washed situ with large amounts alcohol until the 
percolate was nearly colourless. The charcoal, still undisturbed the funnel, 
was then eluted with pyridine until the emerging fluid was nearly colourless. 
The combined eluates were concentrated under reduced pressure until almost 
all the pyridine had been removed. The residue was dissolved small volume 
alcohol and the active substance was precipitated adding several volumes 
ether. The precipitate was dissolved chloroform and further purified 
chromatographic analysis outlined above. 


250 350 400 


300 
Wavelength 


Fic. 1.—Ultraviolet absorption mg. micrococcin per ml. ethyl (Beckmann 
Model photoelectric spectrophotometer). 


Properties. 
Physical and chemical. 


Micrococcin obtained the above methods odourless, tasteless, 
amorphous, cream-coloured powder. readily soluble alcohol, acetone, 
chloroform, propylene glycol, glacia] acetic acid, and pyridine, insoluble 
ether, benzene, amyl acetate, glycerine, and vegetable oils, slightly soluble 
hot water, and very slightly soluble water room temperature. All attempts 
obtain crystalline form have been unsuccessful. Its watery solutions 
appear neutral reaction, and freely dialysable through cellophan. 
melts (Kofler micro m.p. apparatus) and becomes brownish, 
but apparently loses little activity when heated min. After 
min. 230°C. about per cent, and 240°C. about per cent the 
original activity are destroyed. When heated more strongly darkens, bubbles 
slightly, then blackens and eventually burns away, leaving residue. 

optically active varying between 50° and 75° (in alcohol) for 
different preparations. 
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solution shows blue fluorescence ultraviolet light. The ultraviolet 
absorption curve, measured with Beckmann model photoelectric spectro- 
photometer, showed peak with maximum 345 mu. (Big. 1), ethyl alcoholic 
solution containing 0-02 mg. micrococcin per ml. having 0-30. 

Qualitative tests indicated the presence nitrogen and sulphur, but halogens 
were absent. The ninhydrin reaction was negative. 

significant reduction antibacterial activity was noticed when micro- 
coccin was incubated with commercial pepsin trypsin the appropriate 
levels for hr. The activity was unaffected incubation with 
0:1 per cent cysteine for hr. 


Stability. 

Crude culture fluid watery solution extracted micrococcin could 
autoclaved one atmosphere for one hour without loss antibacterial activity. 
already stated the dry material will withstand temperatures above 200° 
for short periods. Boiling for min. with half volume HCl did not 
affect the antibacterial activity. One-tenth volume NaOH, the other 
hand, destroyed per cent the activity min., per cent min. 
but destruction was noticed with this strength alkali room 
temperature hr. the substance only deteriorated slightly, all, 
when held 9-0 for hr. 

Samples crude culture fluid stored the ice chest, room temperature, 
and respectively, showed detectable loss activity during one year. 
Micrococcin kept alcoholic solution room temperature for more than year 
showed diminution titre. 

When kept the dry form, especially when exposed light and air, the 
cream-coloured freshly prepared micrococcin became yellow and then orange 
and decreased solubility and potency. 


Antibacterial Properties. 

Effect serum and blood.—No significant reduction anti-bacterial activity 
was observed when micrococcin was incubated per cent horse blood 
serum 37° for hr. before diluting for assay. 


Effect inoculum Staphylococcus aureus (National Collection 


Type Cultures, No. 6571) and the strain subtilis which was used the 
routine test organism, this was such order that 100-fold increase the 
size the inoculum doubled the minimum inhibitory concentration. 

Nature and mode action bacteria.—The action micrococcin bacteria 
believed mainly bacteriostatic, for dilution tests liquid medium 
those tubes which there visible growth require from days become 
sterile. 

There was sign lysis, changes morphology, changes staining 
character when suspensions susceptible bacteria were incubated with inhibitory 
concentrations micrococcin for several days, nor was any effect observed 
agar already established streaks such organisms exposed the substance. 

was demonstrated that sub-inhibitory dose micrococcin added 
culture sensitive organism disappeared the organism grew. The lost 
activity could not recovered. the other hand, when micrococcin was 
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added culture naturally insensitive organism, such Bact. coli, its 
activity was unimpaired. With the resistant strains isolated from the sensitive 
species (see below), the micrococcin was also removed the organism, but the 
lost activity could restored. This question discussed more detail later. 
Range inhibition.—As the sensitivity micrococcin any given species 
varies from strain strain that species and depends the inoculum size, the 
results the sensitivity tests summarized Table show only the approximate 
range sensitivity found far for each species. The technique was general 
the same that assay, that is, dilution method solid medium. Special 
nutrients were added the medium for exacting organisms. The duration and 
temperature incubation varied with different organisms. dilutions 
micrococcin were generally used. 


TABLE I.—Approximate vitro Sensitivity Different Species Micrococcin 
Dilution Method. 


Lowest concentration micrococcin 

Species. which complete inhibition 
per ml.). 

Staphylococcus Browning 

Staphylococcus albus 

Streptococcus Kruger 

Streptococcus. faecalis 

Corynebacterium diphtheriae gravis 

Corynebacterium diphtheriae mitis 

Corynebacterium 

Bacillus subtilis 

Bacillus anthracis 

Clostridium sporogenes 

Clostridium welchii 

Mycobacterium tuberculosis H37 


From Table appears that micrococcin mainly active against Gram- 
positive organisms. Such marked difference sensitivity between Gram- 
positive and Gram-negative organisms has rarely been seen among other anti- 
biotics far reported. 


Resistant Strains. 


The interaction between micrococcin and strains resistant presents 
several unusual features. That sensitive strains readily became resistant 
micrococcin was first suggested the fact that sensitivity test Staph. 
aureus the dilution method liquid medium was noticed that the end-point 
changed from 2,560,000 after hours 160,000 the end three days. 
When the size inoculum was increased the shift end-point was greater and 


MICROCOCCIN. 479 


faster. The same phenomenon was then observed with the streptococcus, the 
tubercle bacillus and the actinomycetes. With other bacteria tested the shift 
was slight absent. 

The mechanism the development resistance believed the selection 
few initially resistant organisms. This supported the finding that 
when solid medium used, the dilution assay method, the titre does not 
change prolonging the incubation time although few colonies, presumably 
the resistant organisms, appear. Although not extensively investigated, 
the resistance appears persist for many generations, even when the organisms 
are grown the absence micrococcin. 

That micrococcin was inactivated removed when added culture 
such resistant staphylococcus was demonstrated the following way: 
solution crude micrococcin broth was divided into three portions. One was 
inoculated with the resistant staphylococcus, one with the sensitive parent culture, 
and the third was uninoculated. After being incubated 37° for hr. they 
were tested cylinder-plate seeded with 

parallel test was performed with the insensitive Bact. coli, 
which grew luxuriantly the presence micrococcin, but did not inactivate it. 
The results these tests are shown Table II. 


Resistant and Sensitive Strains Staphylococcus and 
Insensitive Bact. coli Micrococcin. 


Diameter zones inhibition culture 
Strain tested. fluid, mm. 
Mean. 


The mechanism inactivation micrococcin resistant strains was then 
investigated. three-day old broth culture resistant staphylococcus 
(derived from sensitive strain) was centrifuged and the supernatant fluid was 
filtered through fritted glass bacterial filter. The cells were resuspended, 
some broth and some water. equal volume 5,000 solution 
micrococcin broth was added the cell suspension broth and the cell-free 


Effect Resistant Staphylococci Suspended Broth and 
Water, and Cell-free Culture Filtrate 


Diameter zones 
inhibition, mm. 
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filtrate, and equal volume 5,000 solution micrococcin water was 
added the cell suspension water. The control was made diluting the 
watery solution micrococcin 5,000) with equal volume water. The 
samples were incubated 37° for hr. and then assayed (without removing 
the cells) the cylinder-plate method. The results are shown Table 

This experiment proved that the cell-free culture fluid did not destroy the 
micrococcin, but that contact with the bacterial bodies did so—but only when 
they were suspended broth. further experiments much thicker suspen- 
sion cells water was held 37° for two days, and similar thick suspension 
cells broth was held also for two days. each case assay showed 
undiminished potency micrococcin. Thus the resistant staphylococcus did 
not affect the inhibitor when the conditions did not allow grow. Inactivation 
seemed occur only when micrococcin was direct contact with the growing 
cell the resistant staphylococcus. 

However, the union between the cell and the antibiotic was reversible, was 
demonstrated two ways: (1) heating. broth containing micrococcin 
dilution 10,000 and inoculated with the resistant staphylococcus was 
incubated for days. the end the incubation one portion the 
culture fluid was tested the cylinder-plate method and another portion was 
heated for three minutes boiling water bath and cooled room temperature 
before filling the cylinders. The control was uninoculated broth treated 
exactly the same manner. The results are given Table Thus the activity 


Effect Heating Micrococcin Inactivated Resistant 
Staphylococcal Cells. 
Diameter zones inhibition, mm. 
Solution micrococcin broth 
Solution micrococcin broth 


was almost completely restored heating. (2) chloroform extraction. 
broth solution micrococcin was inoculated with the resistant staphylococcus 
and incubated 37°C. for days. the end the incubation period the 
solution, which had completely lost its activity, was shaken with equal amount 
chloroform. The chloroform extract, evaporated and taken equal 
amount water, gave zone inhibition only slightly smaller than the control. 

When parallel experiments were carried out with the sensitive staphylococcus 
and sub-inhibitory dose micrococcin, the activity also disappeared, but could 
not restored the two methods mentioned above. 

The fundamental difference between the sensitive and the resistant strains 
may lie the way which micrococcin adsorbed some surface 
the cell. For example, the resistant cell may adsorbed some 
non-specific way which easily reversible. the sensitive cell there may 
further interaction with specific receptor, which results the cessation 
further growth the cell and irreversible loss the inhibitor. With the insen- 
sitive Bact. coli there seems affinity all between the cell and the 
molecules micrococcin. 
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cross resistance the staphylococcus between micrococcin and penicillin 
was found, i.e. when organism originally sensitive both antibiotics was 
rendered resistant one them, still remained sensitive the other. 


SUMMARY. 


strain micrococcus has been isolated from sewage which, when 
grown meat extract medium, forms antibiotic active against many Gram- 
positive bacteria, including mycobacteria and actinomycetes. The substance 
has been extracted from the culture fluid and named micrococcin. heat 
stable and dialysable through cellophan, soluble alcohol and chloroform, 
insoluble ether, and very sparingly soluble water. contains nitrogen and 
sulphur but not halogens, and dextrorotatory. Its antibacterial activity 
not reduced horse blood serum, incubation with pepsin, trypsin 
cysteine. may assayed modified serial dilution method solid 
medium. 

Its action believed predominantly bacteriostatic. Bacterial cells 
contact with show change morphology Gram staining. liquid 
medium resistance the substance develops very rapidly streptococci, staphylo- 
tubercle bacilli and actinomycetes, possibly the selection few 
resistant cells. Micrococcin bound such resistant cells—provided they are 
actively growing—but can liberated from them heat treatment by. 
chloroform extraction. also bound actively growing sensitive cells, but 
irreversibly. Organisms which are naturally resistant, such the majority 
the Gram-negative species, not bind the substance all. 


The work this and the previous paper was suggested and carried 
out under the general direction Professor Sir Howard Florey, F.R.S., 
whom greatly indebted. Thanks are due Dr. Jennings and Dr. 
Heatley for invaluable advice, criticisms and suggestions, and for much 
help the preparation these papers. also glad acknowledge the 
technical assistance received, especially from Miss Lancaster, Miss Page, 
Mr. Kent and Mr. Axtell. indebted Dr. Hills, the Experi- 
mental Station, Porton, for supplying culture fluid from which some the 
used these experiments was extracted. The work was carried 
out during the tenure scholarship given the Sino-British Educational and 
Cultural Endowment Fund. Finally, grateful Dr. Chu, the Director 
the National Medical College Shanghai, for leave this work. 
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